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QIabU of (Hotttnttfi. 



Tin- name " Manitou Cfiiivon " is used in tliis work for 
•• Williiiiiis Canyon.** <is lu'injj; the original name, although 
tin* latter has h(M*n in jj;tMii»ral use for many years. **('anij) 
(Vi*ek*' is used for "(ilen Kvrie ( Veek '" in the same way. 
The old names are found on the map. 

Krrati'M On \)n^r 12. line '2\. for •* Sim* tahle oil j)ai<e 
•U)." read " S(^' tahle on l)ai^e oS." 

On pa^e (>!, next to last line', for '* Plate Vl." read 
-Plate \i\r 



ifntrndurtnry 




HE excursions descrilxKl in this \hkA cover fill 
th(» i)oints of interi'st in the C'olorndo Spring 
region wliich the traveler ordinarily visits. The 
explaiuitions are writttMi to K^^'*" ^1^*" beginner in 
geology an adecjnate understanding of th(^ way in which the 
nx-ks he meets w(Te fornu^l. and to acquaint him with the 
pro<'t»S8es wliich have shai)ed them. The average traveler 
has a lively interest in these ijuestions, but it is difficult 
for him to get an answer for them which is available on 
the ground. The j)laces of si)ecial intiTest are severally 
treated for what thev show best. The Ute Pass excursion 
deals esiK'cially with the granite. Manitou C^myon* ex- 
hibits a sujx'rb section of tht^ lower members of the sedi- 
mentarv rock series. In the (larden of the (lods the same 
st»dimentary rock series has been affected by folding move- 
ments in the earth's mass. I^ike's Peak, CMievenni' Moun- 
tain, and Monument Park are striking instances of s^)ecial 
phfjses of erosion. A section of the book is devoted to an 
account of fossils, and a list is given of the i)lac(^s near at 
hand where the search for fossils is pretty sure to be n»- 
warded. Other sections take up the account of the fonna- 
tion of coal, and the way in which the CVii)i)h' (Veek gold 
ores were d(»i)Osited. The hist chapter builds on all that 
has gone before to give the reader a general view of the 
g(K^)logical history of the Colorado Si)rings region. The 
illustrations in the text are intended in the first place as a 
rtH'ord in pictures of the country the traveler has visited. 
Thev serve, as well, to fix exactlv for him the ])oints he is 
to examine with care, and they make j)laiii many geologic 
featurt^s themselves. 

♦Note- The original nam«', "Manitou Canyon," will be retained 
throughout the text for the canyon near Manitou which is jjenerally 
known as "Williams' Canvon." 



2 Introdvctory. 

(It»i)l()^y shcmM l>t» taught in the field. There an? few 
regioiiH wht»n» w> widt* « FHiige of geologic facts may be ob- 
servtHl within small compass as near Colorado Springs. 
The traveltT should n»«Kl the account of each excursion be- 
fon» going into tht» fiehl. He will then be pn^pared when 
he finds himself in the canyons, or on the mounta^ins to 
follow intelligently a line of obser\'ation towarti the ac- 
quisition of a chapter in the geologic story. The facts 
brought out in the dt»8criptions are of gimeral application, 
but only such ft»atures an» ilesc^ibed as may bi» seen in the 
(\)lorado Springs tit^ld. 
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iExruraton I. 
Ulhr %tt Paes. 




i;N Iciiviini the I'lid of the car litje ill MiiiLiton. ii 
I walk iiloiiK Mimitoii iiveiiue ;iii<l the I'te Push 
I rojid for ii mile brings one fiiirly within the 

i^^^yml tiTJiiiil^' rt-ffion, whirh murks the first chiipter 
in the mukiiiK of the hinti hh we now liave it in the Pike's 
Peak tiistriot. A stop iimy conveniently Iw nnnle at Rjiiii- 
bow Falls. Pliiti' 1. Here the river flows ovi'r jn'anite: 
and one niiiy see walls of this nxrk rising on either hand 
above the falls. 

The method of fonniition for the granite was by 
fusiou. The nK-k was once molten. It grew cold deeply 
baried in the earth liefore it rimw to the snrfa<-e where we 
now B«;e it. tiranite is a typical representative iif one 
great clnsB of rooks, those which (-ooled from a molli^n state. 
In the case of granite the ci>oliiig went on with extreme 
slowness, under gr<-at pressure. Other r<i<ks in the siime 
class are the lavas fnmi volcanoes. jMinred oin from vol- 
canic vents at the snrfiKV of the earth. Tlicsi' have ciMjled 
rapidly under no gn-iit pressure. Lavas are fonnil in the 
Colorado Springs n^ion at (.!rii»i>le Creek. Thai town lies 
on the site of an extinct volcano. 

The granite along I'te Pass is made np almost entin-ly 
of three common miiierals. <|uartz. orthoclase fehlsjNir. and 
mica. Tin* micii is the easii^st to re<'ognize. It is known 
familiarly in connnen-e as ising-glass. when it oi-enrs in 
large tmnsiMin-nt flaki'S. In tlic graniti' the ])ieces of tliis 
mineral are a ijuarter of ;in inch across, in- less. ,Mi<'a 
H{]litB up with singidar easi>. Its property of splitting in 
one direction is more highly <levclo|)fd than that nf al- 
most any other riiinend. Its black leaves arc readily dis- 



4 The Ute Pass. 

tiiifj^ishiHl from the other constituents n( the granite by 
]mtting a knife-|x>int between them and testing the ease 
with which they break away. A 84»con<l prime ctnistituent 
of the n)ck is whit<^ quartz. This is the mineral which is 
at the basis of the ghiss-makiug industry when it occurs 
in quantity, aloni'. Certain sands are *J9J ix»r cent, pure 
quartz. Tlie best means of identifying it is by its glassy 
apjx^arance. It breaks as glass would, not regularly, but 
with a splintery unt^ven fracture. Its substance is often 
cle^ir and transi)iin»nt, although it may at times be colored 
strongly with dust-like impurities. It looks darker in the 
granit(» than it would if it were alone, for the n^ason that 
one sees through it tin* ojicique minerals lx»hind it. Be- 
sides the mica and the quartz, the other im]X)rtant minenil 
in granite is orthcx*lasc» f(4dspar. This is n»8ixmsible for 
the cx>lor of the nxtk as a whole. It is prevailingly red- 
dish, and uncommonly dark in the ro<^k where one first 
comes in sight of Rainl)ow Falls. This is the [X)int shown 
in Phite 2. OrthocUase fc»ldspar is a valuable mineral 
when it occurs by its(»lf. It is ground and fused as the 
chief constituent of jiorc^elain ware. Orthocdase feldspir 
is oi^ique; it breaks (»v(»nly in two direc^tions at right 
angh'S to each other. Thes(»- (cleavage faces will Hash in 
the sunlight, as a mirror would, wIumi th(* nx^k which con- 
tains th(»m is held at the right angle to the rays. Ortho- 
chiS4» is most often pinkish or tl(»sh coIodmI. and the deejx'r 
shml(*s are found in the j)ieces of the mineral which con- 
tain the most brick-red iron dust. One or two jx*r (U'nt. of 
in>n, j)res(Mit in tlie mineral as an impurity, will stain it 
(h^ejily. 

The exix*riment has often been tried of icrinding such 
an igneous nx^k as granitt* to i)owder and fusing it in a 
furnace caiMd)le of maintaining higli UMUixTatures. If the 
resulting melted n)ck be cooled very gradually, allowing tht» 
pnxu'ss to go on for tive or six days with n lessening tem- 
l)eratun' and without cliilling, until at last the solid con- 
dition is reaclnnl. it is found that \hr sunn- miniTals have 
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The Ute Pass. 5 

]>e^ii to tiike fonn as crystals which went to make up the 
original roc^k six^cimen. Such hirge crystals as occur in 
granite have never been obtained exix^rimen tally, but it is 
fair to supix)se that were it ix)ssible in the laboratory to 
subject the cooling rock to great pressun*. and to make the 
cooling process last for a ^x^riod of years, granite would re- 
sult. The stony masses which wt» do get in the crucible 
are in all essentials like natural lavas iK)ured out from 
volcanot»s. By lengthening the time of cooling larger and 
larger crystals may be j)roduc(Ml. It is Ix^lieved tlierefore. 
with reason, that granite roc^k has formed in the earth in 
all cases at a distance of several miles below the surfact*. 
where great pressures prevail, and wliere the cooling must 
])e slow. Granite is found where we now see it only be- 
<'ause it has l)een continuously ui)raised for long jK^riods of 
time while all the rock that once lay al)Ove it was uninter- 
mittently removt^d bit by bit. 

A ver\' slight examination of the granite along the road 
is sufficient to show that it, too, is a prey to th(» untiring 
agents of dissolution. The rock is seamed by countless 
cracks large and small. Fnder the micrrosco^x^ it is seen 
to be shot through and through by minute crevices. Water 
inov(»s with ease through all these cracks and dissolves tin* 
nx^k i^mrticles along their walls, with extreme slowness, but 
unceasingly. Rocks decay continually by the action of 
surface waters which soak down through the soil and make 
their way through their i)ores. When plants decay in the 
soil certain acids result as i)ro<lucts of dec()m|)ositi()n. 
These acids an* taken u^) by the surface rains and aid 
greatly in increasing the solvent i)OW(»r of pure water. 
When wat(*r fnvzes it must expand. Throughout jx^rous 
rock water is often frozt»n. and a certain amount of rivintc 
takes phice. Large and small i)ieces along the clitf-faces 
l)reak off and fall away until in jjrocess of time great heaps 
of slid(* ro(rk are made, mantling the lowtT sloi)4\s. They 
l)ecome so steep that any newly add(»d rock i)articles are apt 
to roll all the wav to the InHtom on them. See Plate !♦. 



H The Ute Pass. 

The fate of every rock exposed to the weather is that 
ill the end it shall be reduced to the condition of rock dust. 
This is a ver>^ slow process, but it never ceases. We get a 
measure of it in the decay of tombstones. Certain weak 
rocks j<o appreciably on the comers and edges in a hun- 
dred years, while others of different physical constitution 
an* stronger and may show scarcely any change in the 
same i)eriod of weathering. But in time all will l)e re- 
duced. 

Alx)V(» Rainbow Falls the granite shows its tendency to 
split up into hundreds of vertical cracks, and after this 
initial breaking up, to weather away in rounded forms in 
plac(». As one continues up the Ute Pass road beyond the 
falls, one* may see wlu»re many great rounded masses of 
granite hav(» bniken away in times past and have fallen 
down beside the stn^am. Many more are in process of 
transit down the vallt^y sides. On going up the road which 
leads from th(» Utt* Pass towanl the (irand Caverns, one 
S(H»s at tht» first shaq) turn a granite block in a precarious 
lx>sition owing to tin* removal in largt* pirt of the sui>- 
{Mirting masses b(»n(»ath it. Plate ii Leaving the road at 
this iK)int one should cross the stream and go out on the 
ridgi' oi)iK)site th(» rock mass shown in Plate 4. This 
n»iK»ats tlu* stnictun* of the cap rock shown in Plate 5, and 
known as Kl (^aj)itan. From this ix)int one gets the view, 
half of which is shown in Plate f). On either side of the 
river one s(h»s that the rocks which n»st \iiK>n the granite 
an' unlike it, as bcMng in layers. The lowest of these is 
the white sandstone* at the base of El Capitan, lying im- 
me<liately ujkhi the granite. Sc»e Plate 5. This layer of 
white sandstone was onc(» continuous across the Ute Pass. 
The edgt' of it is S(H»n in a continuous band running up 
from tlie river Ih4ow tin* falls on the left (north), until it 
ap|N*ars nnd(»r th(» house at the entrance* to the cave. On 
tht' otiier side, to the south, its lint* is s(^ni over the gran- 
itt* witliout a break for a (piarter of a mile. Plate 6. El 
Capitan is only a small remnant of th(* onct* continuous 
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The Vte Pass. 7 

sluM^t of saiulstono. Another ri^innnnt likr it to the (»ast. is 
thnt shown in Plnti* 4. Thr Scindstoiu* Inyer nesting innnt*- 
<lintely ujxjn the grnnitc in El C^npitnn exactly nuitch(»s the* 
sandstone layer on either side of the Ute Pass where it 
shows above the granite. It appears, then, that this sand- 
stont* band in former tinu» extended elear across the valley 
from side to side and that it has l)een so cut away that 
only the fra^nents of it like that on El Capitan remain in 
the middle ground. Tlu» stream which follows Vtv Pass 
in making its valley has cut away a gcKKl deal of the sand- 
stone and of the granite underlying it. In the same man- 
ner the little stream on the other side of El C^ipitan 
toward the cave lias cut out a valley for itself, working 
through the sandstone and into the granite. The pro- 
cesses of river work may be studied to advantage in North 
Cheyenne Canyon, Excursion No. 4. The nature of the 
banded or sedimentarv nx'ks, of which the white layer of 
sandstone was the earliest to form, is taken uj) in the 
s<^ond excursion, in Manitou CSmvon. 

The observer looking toward Manitou from the road be- 
low El Capitan. is standing near tht' shore line of the orig- 
inal granite island in the sea which ag(»s ago covered CV)l- 
orado. As the forces of the weather, rain and frost, and 
the rivers, working on the old land surface wore down the 
granite and mit into it. the resulting sands were borne out 
to sea along the river courses. They settled on the (x-ean 
floor and were at last made into the compact sandstone 
which we find in El Caj)itan and around the Tte Pass. 
With the uplifting of the western part of the United States 
the sea was gradually withdrawn, and the sandstone and 
la tiT bedded ro<"ks were addtnl to the old land along shore. 
At the present time the weather and the streams are carry- 
ing on the same jjr(K"ess in wearing down the land and 
ilistributing the broken-up rock as sand, gravel and mud. 
over the s(*a ti(X)r. to be made into land in distant davs to 
<'ome when tlu^ continent rises still lii<riier out of tiir ocean. 



Exturaum 2. 
jlanttou (Eanijan. 



iif leaves tlic Sodti Spriiifi in Miiiiitoii and 
I proctidrt np Mfniitoii Cnnyoii U'yond the point 
(■jiIIikI the Xiirrowa, Plate 7, where the walls 
I'onie most i-losely together, one must notice 
that the ronks on either hjind are all in very definite layers. 
as WHS tile I'te Pass siiiidstotie lying above the xranite. 
This feature marks the sedimentary rocks: those which are 
made np of slieets of sand, gravel, nmd, or shell fragments, 
deiK>site<! under water. See Plates 4, 40 and 41. It is 
clear that the lowest layers are the ohiest as having been 
laid ill plati' ln'fore the inon' recent ones were dei)OBited 
alxjve them. Kaiely it hajux-ns that the whole series of 
rock layers after deiMwitinn nnder water is not only raised 
np out of the sea til make hind, as is the case here, but 
also, latiT. tuiiitil uj) on end and thrown over. The series 
is then upside down. In Maniton Canyon, however, the 
usual condition is niel. The hiyers sIoik' away at a slight 
angle f mm the horizontal. Coming <lown the Canyon to- 
wanl its month, the single l>eds or strata get lower and 
lower until they strike the road. They were originally 
laiil down almost horizontally. 

Rocks of this kind have hei'ii studied by ciimiKirison 
with the hivers of siniihir materials which are now lieing 
dejKJsited along shore in the shallow waters of the st-a. 
The prtN'css may easily l)e represented ex])erimentally. If 
sanil anil gravel of different degrees of fineness be uused 
with thoroughly tiroken-nji ehiy and thniwn into a good 
sized glass vessel nearly full of water, the larger. c<wirser 

Note. This fanvm is KeiHTally knuwn by Ilie name i.f -Wil- 
liams' Cany.in." 1 lie oriRin^l name is '■ Manilt.u Ciiny.m," 
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Manitou Canyon. 9 

peirticles will be seen to fnll most rnpidly to the bottom. 
In time nil the materials will have settled, leaving the 
water above them clear. They will lie in horizontal layers 
of different degrees of fineni^ss, the coarsest layers at the 
bottom, the finest layers on top. It takes a gooil w^hile, 
even in still water, for all the lay^TS to settle. In the 
0(*eaii th(» depths are so great that particles may not reach 
th(» bottom for many days. Then, too, the water is kept 
continually in motion by off-shore currents. Th(»se accent- 
uate th(» sorting proc(»ss, for they are not strong enough 
to hold up the coarser pieces, although they can sweep the 
finer particles about for a long time. Their force is vari- 
able. At times they may hold u]) even the coarsest grav(»ls; 
again they may be so feeble that they will allow their 
whole load to settle. All tliese mat(»rials are bonie out to 
sea by river waters. Tlie b(»citing of waves along-shore 
breaks down the rocks along the coast as well. It is easy 
to realize that th(» sui)ply at any ix)int over the (Kvan Hoor 
will be of different materials from time to time. At one 
tinu* fine layers accumulate on tlie })ottom; at others, coarse 
mat(*rials, now of one color, nov^f another are dei>osited. 
In the Colorado Springs region we have to deal with 
KUKK) f(M't of such materials in layers. Tlie qiK^stion at 
once arises, "How did tliey dumge from their incoherent 
state and become hard rock as we now see them?" This 
is accomplished in two ways. The pressure^ of the lay- 
ers above, when many hundreds of feet luive bet^i deix)sited 
in one place, is enormous. The grains in the lowest layers 
tend to cohere by nuTe })ressure welding, for the ])ressure 
is exerted during many hundreds of thousands of years. 
Again a certain small amount of water was imprisoned 
between the grains as the layt^rs wcTe (l(^jx)sited on the S(»a- 
fioor. Water dissolves rocks with extn^ne slownc^ss. but 
it may be shown by exiK'riment that water will dissolve 
every rock. A small ]jart of all the grains is taken into 
solution by tlu^ water V)etween tliem. When at last the 
whole layer dries out, the dissolved substance is left as a 



10 Manitoi' C^axyox. 

inortnr or cementing lx)iul Ix^weeii tlu» grains. A similnr 
])ro('e8s may In* stiidi<»(l advantag(»oiisly on the Florida 
<*oast. HiTi» i\w wavi»s dash against coral reefs, break 
away pieci^s of ooral, and toss them about on the l>eaches 
until they are ground to fine sand. Th(» wav(»s wear on 
the hard j)arts of shell-lish in tlu» same way. Thick 
banks of sand made up altogt»ther of broken shells are 
thrown up on the b(»aehes. As tht» rain-wat<^r soaks down * 
through these masses of broken shells \mTt of their sub- 
st^mee is dissolvtxl away in the upiH»r layers and left as a 
natural cement betwivn the grains near the I)ottom. The 
loos«' slu41s soon bi»eonu» fairly firm roc»k. The same ma- 
terials makt* the same kind of rock in tlie same way on the 
st»a-floor. This is the origin of limestone. In this case 
the cement is limy. In tht» walls of Manitou Canyon we 
have such linu^stones. Quartz sands are usually made 
into hard sandstone thrcmgli the binding of the grains to- 
gether by interstitial (juartz. Iron is also used in nature 
as a l)ond l)t»tween sand grains. When nmd becomes con- 
solidattHl as a nx'k, slude n»sults. When gravel and coarser 
g(xxl-sized iH»bl)l(»s an* cemented together wi» call the rock 
conglomerate. The ultimate drying out i)ro<vss is accom- 
panitnl by a (H*rtain amount of shrinking. (.Vacks develop 
b(»tween th(» successive layers, find well-marktKl IhhIs like 

ft 

courses of brick-work result. Set* ])lates N and U. 

Limestone, sandstone, and sliale. with conglomerate, 
are the chi(»f se<limentary nx'ks. They make up about 
four-fifths of all the hind mass(»s. The igntn^us rocks con- 
stitute a large part of the n»maining fifth. The other 
great class is that of tlu» metamorphic ro<*ks. These re- 
sult wlu»n eith(»r igniH)us nx'ks or stMlimentary rocks have 
b«H»n so changed by lieat and strain within the earth as to 
havf tlieir substance workt^l over into new minerals. 
Mica is the cimnnonest mineral devclopetl in the meta- 
mor])hic rocks. The ])lates of mica, as wi'll as the other 
mineral comix)nt»nts of metamorphic nx'ks, are arrangt'<l in 
wavy lines |x'r|XMidicular to the din'ctit)ii in which the 
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Maxitoi' Canyon. 11 

force wns Mpplieil so «s best to HCCoinmodHte themselves to 
it. Only one gooil example of such rocks ot;ciirs near Col- 
orado Springs. In Manitou Canyon, just where the roiid 
turns and begins to climb toward the Cave of the Winds, 
the granite has been so metamori)hosed that its minerals 
stand in definite alignment. This rock is called gneiss. 
It is practically granite with a very definite grain to it. 

In Manitou Canyon four rocks occur. Th(» stream 
tiows over granite befon* it ctmies down to the* rofid. Just 
l)elow the ix)int where the road turns to ascend to the cave, 
the basal rock is gneiss. Layt^rs of sandstone 45 feet in 
thickness rest \\iK>ii the gneiss or uix)n the granite, (see 
Plate 8), and these are overlain in turn by 250 feet of lime- 
stones. The limestone is by far tht» most conspicuous rock 
in the canyon. It ap^x^ars in the up^x^r half to the left in 
Plate 9, and it makes up nearly the whole of Plate 10. 
Here the top of the limestone is 'M) f(»et above the road. 
At the entrance to the canyon, hnlf a mile bi'low, it has 
come down to the roadwav. This illustrates how the stnl- 

ft 

imentarj' rocks, originally lev(4. have, as exi)lained above, 
been tilted away from the horizontal. The iK)int where 
the sandstone ends and the limestone begins may easily be 
found. In Plate 1) it is alxmt 1^ in<'hes above tht^ man 
in the roadwav. Just at the entrance to Miinitou Can von 

ft ft 

the top i)hine of the limestone has droi)pe(l to the road. 
B<*tween this iK)int and the Clitf House in Manitou layers 
of red conglom(»rate are f(mnd. The conglomerate is above 
the limestone and rests u))on it. The attitude of nil the 
lavers is lik(» that of ;i number of l)ooks which hnve fnllen 
toward the empty end of u book-shelf so as to overlaj) each 
oth<»r. A g(K)logist would niiike n unit of nil the s.indstonc 
layers lying just nbovc tlie grnnite in M.initou Canyon, 
another of all the limestone hiyers coming in on to]) of the 
sandstone, and a third volume of nil the slieets of red snnd- 
.stont* and conglomernte resting on the limestones. The 
single layers of rock, mnrktsl out by minute differences in 
texture, and mnde more pronomM'tnl by the crncks ])nrnllel 
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witli thr bt^lding, are like the leaves of the vohime. The 
g(*<)l()gi8t finds that nearly every such formation contains 
the n»jnains of life. Shells of sea-fish which lived on the 
<H*ean tl(K)r and were covered uj) at their death beneath 
Hul>H(H|nent layers are the commonest of these. Any traces 
of living things are fossils. Each volume, to retain the 
Hgure, each rock fonnation, is marked by distinct fossils. 
Ah one g(H»s higher in the series and so comes to more re- 
ci*nt nicks, it is found by a multitude of observations that 
each set of fossils in a given rock is replaced by another 
Ht»t in the succ^Hxling layers above it, with a tendency all 
along towanl more complex and more highly organized 
forniH. By a close study of fossils, going up from stratum 
to Htratum, gt^ok^ists have acquired a body of precise infor- 
mation as to the fossil contents of each division of the 
HerieH. It is as though there were 26 great compositt> lay- 
erH of r(K»k with fossil contents charactt^ristic of each 
through the 26 lett(»rs of the alphabet. If then in a rock 
a foHsil (»orrt»siX)nding to the letter D were found, we 
HJiould know th(» place of the rock in the series. 

In the (\)lorado Sj^rings region there are 17 such sets 
t»f nwk strata fnmi the basal sandstone as it shows in Man- 
it* »u (^inyon to the topmost stratum out on the plains. 
Hrv table on imgv f)0. During the whole of gi»ologic 
time the world over, at least 100,000 feet of such broken- 
up rock inatt»rials W(»re dejjosited and ma<le into sedimen- 
tary riH'k in layt»rs. In the Colorado Si)rings region a 
thicknesH of al)Out KUKK) fe(»t of sedimentary rocks shows 
as (uie croHses th(» country' ov(»r their uptunit^l edges. The 
tildent are just against the granit(», nesting uixm it; younger 
iiud younger layers are met as on(» goes cmt towanl the 
plaius. lJe(»h)gists an* not able to assign (h»finite periods 
ot tuilllons of vt»ars as the time in which certain nnisses of 
Mtliiiu'iitarv rock were fornuHl. They know their relative 
iigi'H siiu-e it is ch'ar that th(» oldest are those which lie at 
ihr kKittoiu of the series, and they can tell the age of any 
oiH' in which thi\v Hud fossils, b<»cause they know the 
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pince of the foRsils in the whole liue of living tliiuge. 
Exmreioti 9, which is devoted to the coneidenitioii uf foe- 
fiilfi nt Icugth, gives a list of the lotrnlitieH iii Mauitou 
Cmiij'ou whert' they nuiy be found. The BU«ceediiig ehai>- 
t*T deals with the purticiiliir methods liy wliich the mater- 
ials going til niiike u|) thf swiiiiieiitiiry rwks were al)liiinf<i. 



I 
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N studying the Si^dinieutary rocks it is well to 
begin in Manitou Canyon where limestone and 
sandstone are so well rex)re8ented. For the 
study of the sinlimentarj' rock to which we 
give the name cH)nglomerate, a favorable stretch of countrj' 
is that between Manitou and the Garden of the Gods. 
By l(»aving tht* car line at the ix)int where the road starts 
over to the Garden past Balanced Roc^k, Plate 11, one pro- 
<H»tKls over conglonu^rate and sandstone all the way. The 
difference betw(H»n tin* two is in the rehitive coarseness of 
the materials which niak(» th(»m up. Gravel deposited 
und<»r wat(»r in shet^ts and aftt^rwanls hanlened, makes 
conglomerate. The nature of this mat(»rial is well shown 
in the r<H»k in Plate 12. The constituent pebbles art* 
many of th(»m two or three inches acn)ss. They are in 
sonu* castas roundenl pi(»ces of granite which the old time 
riv(»rs carrii»d along th«»ir courses as the* present streams 
do, until th«»y were swept into th(» s(»a. Other ^x^bbles are 
]mre tpiartz. The brownish red color of th(» rock is due to 
the iron pn^sent in th(» c(»ment. This fonn of inm, ferric 
iron, is resix)nsibU» for the color of connnon burned brick. 
By looking attentiv(»ly at the single shei^ts of conglom- 
erate with fin(»r lavers of sandstone in bt»twet»n, it is at 
<)nc(» seen that they an* v(Ty steeply indintnl at the point 
at the (»xtr(»me l(*ft in Phite li\, along the road near the 
Ganh'n of the GikIs. The s(Klimentary rocks in Manitou 
(^inyon an* not level. Plat^»s 8 and \K but gently inclined. 
I^y noting the sHlimentary bands in the riK'ks in the Gar- 
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den, it is seen that these strata are vertical. Phite 14, and 
middle ground, Plate 13. It is as though the sheets orig- 
inally nearly horizontal under water have lKH»n made, as 
part of the hind, to stand up cm end. Plate 4 shows the 
nuxl(»rate slope of the stKlimentary rocks along th(» I'^te 
Pass. Plat(» 12, ui)ix^r block, shows a much greater in- 
clination at a ix)int some distance out from the granite. 
In the Garden of the Gods the swlimentary layers are ver- 
tical. Plates 13 and 14. Beyond Colorado Springs in 
Palmer Park, they are tilteil but slightly. 

It is found by many observations the country ovt*r that 
th<» lay(»rs of scMlimentary rcwk may he folded as though 
one were to tak(» five or six strij)s of cari)et in a pile and 
by pressure from either (»n(l cause them to wrinkle up into 
many folds. The forces in the earth produce such results 
in the rocks only very slowly. The resistance offered by 
the layers is enormous, but tn*mendous pressures an* 
brought to bear uix)n them. The lt»ngth of time involvrtl 
in the folding oi)erations is a large i)art of thi» whole geo- 
If^c period. At least four or ftye mil(»8 df rock layers 
down from the surface of the earth are often ^concerned in 
the folding movements, and the compressive forces may 
act slowly and continuously for hundn»ds of thousands of 
years. It is evident that during all this time the planing 
and cutting forces of th(» weath(»r and the streams have 
l)een active at the surface. W«» commonly find the up^x^r 
layers cut away. In the Colorado Springs region we 
always S(h» tlie cut-off edg(*s of strata cropping out of th(^ 
ground. See Phite 15. 

The foregoing exi)eriment to illustrate folding makes 
ust» of lateral pn^ssure. The matter of which the earth 
is composcnl comes to be denser throughout the ages, for 
the self-gravity of tlu* pianist makes for condensation. A 
decrease in th(» volume of the whoh* t»art.h would necessi- 
tate some folding in the sujierficial layers, a wrinkling of 
the crust to accommodate them to a shrinking si)here. 
Th(» arc must be shortened as the radius is sliortentMl. 



1«» (tAKDKN of the (ti»I»S. 

Xfiw. if nil th(* foldt^l rtK'ks <in* iiuji^iiuil jis fxtt^ndtxl Hat 
and tlu' foi)i]mtatinii 1m' iiiadt* for the (*(>rre$])()iidin^ 
anioiiiit tif shrinking mi tht* earth's radius neoessar}' to 
acfoimt f«»r tin* folding at the siirfaee. tlu» resultiuj< amoiiiLt 
is small. To a(*(*niiiit for the folding the shrinkage inci- 
dent to greater cnndensation of the earth in such a tinu* 
lM»ri(xl as r>().(K)().(KK) years shouhl 1m' alxmt one two- 
hundnnlthsof thi* radius of tluMS'irtli. ( )f far greater signi- 
H<-an<v than the nK*k folding descril)t»(l alx>ve. are the 
massive slow movements in the earth's IxkIv which have 
resultt^l «)n tlie whole in the ui)lifting of the contini»ntal 
land masses an<l in the sinking of tin: (X'eanic basins. By 
forces of tTosion tlu* land masses wonld have lH»en worn 
down nearly to sea h*vel and the brokc»n-iip r<H'k materials 
r\\\ away from them would have chme much t<» till up thi' 
<M'(*anic basins, if th«»se slow massive movements had not 
Ihtu oiH'rativt* again and again. 

Near Colorado Springs the folding movemiMits were 
lai'gely in the nature of vi»rtical thrusts. The CVilorado 
island was maile wIumi tin* granite mass was first pusln^d 
into prominein*e alM)ve the cMM'an waters. All that the ele- 
ments won* away from it was deixjsitecl under water to make 
the sedimentary nwks which we in>w havt* I'xt^'uding out- 
wanlly from the granit*'. Further upraising of the granite 
mass brought morr and more of these layers of s«»<linnMi- 
tarv ro<-k out iA the water. In this wav \Vi*stern North 
Ameri<*a grew. Tin* nx'ks out over the [)lains at a dis- 
tan<'e of six milrs or nH)re from tin* mountains are but 
slightly tilti**! away from their «>rigiiial nearly level iM)si- 
tion, Tliosc as far in towanl the mountains as the Iranlen 
of tin* ComIs have been madr to stand uj) on i*nd. Still 
farther in. immediatelv adjacent to tin- mountains, tin* 
layers are tilted at angles of I^) or '2') dcLrrei's away fn)m 
tlu» horizontal. Wi-can see in tlie It** Pass j>r in Manitou 
Canyon that the lowest sedimentary roi-ks n*st u^kju the 
granite as uixMi a plat foim. but it is not known how far 
out under tin* si'ilinn'iitary rocks the irranit** platf(»rm t*x- 
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t<rii(lB. To account for thf diffeiviices in the iiioliiiiitioii8 
of the BwUmentary rocks alxjve the granite platfonn which 
were influenced by its uplift, two oxplanations may Ijf 
offered. The condition may Ix? brought home to the render 
by his taking a haii<ikf rch ief , extending it uix>n a table, 
and then lifting it pnrtly titf the table by means of n lK)ok 
placed under the ed^e "f the handkerchief und slightly in- 
clined toward it. The Inxik represents the granite plat- 
form. That pirt of the handkerchief resting npon it is 
slightly inclined as the l)ook is. Some of the handker- 
chief lies on the table luidieturbed. and a jwrt of it just 
over the edge of the Ixok is made ti) stand verticjilly. 
This is the nature of the flexure oViserved in the layers of 
rock between the mi iiinta ins and the plains beyond C'-oki- 
r»do Springs to the eastward. We may jiresume that one 
of two conditions is the fact. Either that the gninite pliit- 
tomi extends under the sedimentary rocks oiJy as far as 
the Garden of the Gods, or that a break came along a 
great north and south fissure in the granite platform under 
the rocks at the Garden of the GikIs and that tile mimii- 
tainward block went up whi^' the blimk toward the plains 
did not. The diagram- at the top of Plate 16. Pigupe 1. 
illustrates the c<mditioiis. 

But the jjeculiar rocit musstfti. In,' iJie Garden of the 
Gods do not owe tlieir prominence to the etTects of uplift 
and folding, though it is true that tliey are comxiosed of 
strata which have l>een i)ushe<l np to stand vertically. 
They have been stronger to resist the downcutting forces 
of the weather than the rocks around them. They an- 
sandstones in which the Ixmd ln-twet^n the grains has been 
firmer than it apijears to l)e elsewhere along the layer of 
which they arc a jiarl. Actual decay under the weather, 
the riving action of frost as water freezt* in the jK>rous 
places in rock, and tiie cutting etfecti'd by stn-ams of run- 
ning water have given to the red sandstones in the Garden 
their peculiar sculptun-d fonue. but they have not been 
able to reduce them its effectively i\s they have the sur- 
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rouii(liii>r wrnker rofks. Such » rt»siilt is dui^ jxirtly to th(» 
ability of the siindstoiu' nuisses to resist the attack of 
efoHiou lH»tter than their fellows, and to some extent to 
their aividt»ntal |)osition so that th(\v «r** in a nu^asiire out 
of the wav of aetivt* strtvnnlets. 
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iExruraton 4. 
Nortli (Elj^g^nnp Canyon. 

Sittrr Hork. 




IVKKS an* fnl l)y nn^ltiii^ snows, l)y tlu* niiii- 
fnll. aiul l)y spring issuing iilou^ their IhhIr. 
' DiiriiiK tln» mills n coiisich^nibli* aiiKmiit of the 
h WHter does not nm nwnv directly, but soiiks 
into the soil nnd jmrsiies a lon^. slow course under- 
ur<miid throii^li th(» crevic.<»s and tissnn^s in the n)cks. At 
a <'ertain variable distaiK^e Ik»1ow th(* sTirfact* a ^eat body 
of water of this kind is nu»t with. \V<'lls which an* drivc»n 
fnr enough to nie<»t it will not nm dr>'. In the same man- 
ner when a river has d(»i»iM»ii(Ml its ImkI sTifficientiy it nviches 
the IkmIv 4»f ^ound-water. It does n«>t tluMi de]NMid alto- 
j^'ther iijion l(K*al precipitation f^^r its How. Imt b»HMmii»s 
)jenMinial. This is the condition of sTich streams as North 
Chi'ViMUu* Cn»«»k. 

A ci-rtain amount of decay takes placn* when rain-waU*r 
siwiks thnrti^h the nx'k masses. In tht» upjXT layers of 
the soil dec^ayinK vegt»tatioii yit»hls acids which materially 
iiicn'as*' the solvent jxjwer of water. Frost in the (Tacks 
«»f the nK'ks. as water freezes, acts as a wed^e to rive |x>r- 
tioMs of the nx'ks away. By these activities of tlu» weather 
the DM'ks an^ bn»ken up in the first jJacc, and pn»iwiri*d 
for tlje «'ff«'<'tive cutting action of tlu* streams ninnin|Lr 
n|XMi them. (Iravity heli)S Krt*atly. for l(x>se nn^k particles 
iirv continually made to roll down the valley slo^x^s as 
their sii]>iJorts >rive way. The swtvp of rain-watt»r in 
sheets is also effective at the sTirface in carrying the nn-k 
{tfirticles down hill. 

In every ^ilch. in t»very ravine, and in every valley, 
running wjiti-r takes the broken-u]). pirtially decaye<I nn'ks 
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mid nccomplishes n grent niuount of cutting with them. 
Wnt^^r by itself could do no cutting. With gravel and 
sand, however, a stream can grind its IxhI very effectively. 
The amount of finely ground-up rock which rivers sweep 
alcfiig in their nmddy cTirrents has l)een rej^eatedly esti- 
mated. It is f(mnd to l)e on the average one part by 
w(»ight in 1,5(K). The waters dissolve smaller amounts of 
the rocks over which they pass. Tin* dissolved material 
is al)OTit on(» i)art in r),(K)0 by weight. The calculation has 
Ihh^ii made for th(^ Mississippi that by these means the 
riv(»r is low(»ring the whoh* land which it drains one foot 
in r),(KK) y(»ars. The Ixxly of water in a stream is rapidly 
flowing down to lower levels. But where the bed of a 
river is irregidar and stn^wn with rocks, local currents 
are constantly formed and are forced to sweep upw4ird 
over the obstrTictions. Tln^se currents carrv sand and nmd 
upward with them so (effectively that, if it l)e fine grained, 
it is a long time in a strong stream In'fore it reaches the 
bottom again. The rubbing action of sand, gravel, and 
small j)iec(»s of rock in a stream (juickly takes the corners 
off the la rg(T blocks. The average stone from the IlkkI of 
a stnwim or from a rivt»r bnr is beautifully roimdinl. A 
snKM>th, egg-shai)e(l outline is the mark of water-worn 
materinl. Ultimately all tlu* ])i(»ces by rul)l)ing against 
one anotlH»r or by swe(»ping across the l^ed rock of the 
stream an* reductnl to fine sand and nuid. The ix>wer of 
running water to push i)el)bl(»s and cobbles along l)efore it 
increases very rai)idlv as tin* V(4oi*itv of tlu» current is 
made gn^attT by ficxxls. A stream fiowing at the rate of 
2 miles per hour will mov(» roTiiKhnl stones as large as a 
hen's i'^^r. If its v(4(K*ity is incr(»as(Kl to i\vi^ miles an 
hour it can move cobl)les weighing 8 or 4 i)ounds. North 
Cheyenn(* CVeek may Ik* se<»n at all times l)earing sand 
along, and. after heavy rains, pTishing forwanl large and 
snudl j)ieces of ro(^k which have Imh^u swei)t in by rain or 
have rolled down from the canyon walls. Phite 42. Ex- 
amination at one of the l)ridges a short <listanc(» up from 
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the mouth of the (r«nyoH shows how tht» moving sfiiuls in 
the water course have smoothtKl a way the Ik»i1 ro(*k. The 
Kranite below the level of tlie water is polished as coni- 
jMired with the rou^h surfact»s of nn'k standing al)ov(» thi^ 
stream where thi» forct»s of tin* weather attack them. B**- 
fore so much cutting was accomplished the stream was 
working in earlier gt»ologic days at nuich higher h»\<»ls than 
those of its pn»sent l)ed. North Ch(\v(*iin(» C^reek was on<^e 
on a level with the highest i)oints of rcK'k al)ove it. It has 
made a cut like a saw. Its vohinu» in t»arlv times ne<»d 
not be taken as having l)een greati»r than it is at pn»sent. 
We hav(» no i)rciofs that thi* stream wJis t^ver nuich larger 
than it is now. It was never as wide as th(* toj) of the 
V-shaped c^myon in which it flows. See Plates 17 and IH. 
The cutting accomplished by it is like the vertical lint* 
drawn from the top of the letter V to its iK)int. and while 
the stream did this, small streams, coming in from either 
hand, the wash of water down tlu» side slo^x^s, and tlie de- 
caying influences of tin* weatln»r on tlu» rock masse »s, have 
woni back the canyon walls. Had the rainfall all along 
b(H»n gn*ater, the V-shaixnl vaHjj»y would have had sides 
which slojx^l down to the 8trl^*lm, nuich less stet^ply. Plate 
17, at the bridge* one and a half miles ui) the canyon, is 
taken at a i)oint where the weather has Invn more than 
usually successful in wearing Iwick the valley sides. The 
granite is cTit up l)y multitud<»s of great cracks. Many of 
thest» are iu»arly vtTtical. and they havt» strongly inflii- 
f»nced the attitude of the vall<\v sides in making them 
steej)er than tln»y wcmld have Ih^'U otherwise. Piatt* VJ. 
Wat<*r n»(piires a c(»rtain minimum sIojh' to enable it 
to flow down stream in river cours<\s. The rush of water 
down a mountain side is jit first torrential. T\w sloj)e 
from the head of a stream to its lower levels is then verv 
gn^at. As th(» water cuts its bed mon' ;ind more by the 
help of the liroken piece's of rock whi<*h it sniitches up and 
uses us a])rading tools, its grade. /. r.. tlie st(»epness of its 
l)ed. iHHMHiies less and less. As ont* pnM*eeds up stream 
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toward thr Hniiii Inn. thr road, which follows the river 
^rade, IxH'oinc's stc(*iH»r and st«H*ixT. Ht»r(» waterfalls are 
freciiiently ni<*t, Plate 20. and th(»S(» are in the places where 
the river has not as yet sTiciceedtKl in cutting down sonie 
nnnsually hard or strong section of the ^anit^». In time 
th(»st» will disai)iK'ar with snffici(Mit cnttiiiK. nnd the river 
alon^ its whole conrs(» will How on a very easy slo]x\ 
Then it will be like a riv(»r at ^ach' on tin* plains* with no 
waterfalls, and with no rapids. Waterfalls and rajuds 
are t(»inix>rary affairs in a river's coTirst*. to l)e worn nwuy 
(piickly. geologically sjx^akin^. Th<* lar^^st amount of 
cutting at tlu^ ])r(»sent sta^^e of the work must lx» done 
alon^ the Tii)streani iK)rtioiis of tlu' canyon. Statinl iii hii- 
other way. the ^cvitest o])iK)rtnnity for cuttinj^ is near the 
head waters of the stream. 

The mass of the monntains would 1h^ at last coniplet**ly 
worn down by atmosph(»ric W(»ath(»ring and by the cutting 
of the many streams tlowin^j^ out towani thi» plains if the 
pnxtess were to ^o on withoTit int(»rrui)tion. Such, how- 
ever, is not tlu» rase. Uplifting mov(»ments over certain 
areas within the earth are constantly taking phicv. They 
are not sud(h*n. but very gradual, and at the same time 
otlu»r iK)rtions of the earth are slowly settlinj^. Alon^ the 
Atlantic coast, it is wt^ll known that the New Enf^iand 
slion^s are gradually coming to stand highiT out of the 
wat(»r. In this region the hind ris(»s witli n^ference to 
tin* (H'ean. Tlie New Jers(»y coast is sinking at some such 
rate as one f(X)t in 1(K) vears. The streams an» alwavs at 
work cutting down tlie mountains. Tliey give to the 
mountains their sculi)tunKl forms in nearly <»very instance. 
Pike's 1^'ak lias been carvtKl to a small extent by glaciers 
which once t^xisttnl upon its ilanks. See Ex(*ursion 7. 
The sculpturing on every otiier mountain stH'n from Colo- 
rado Springs was done by streams. The height of the 
mountains above the surrounding c<mntry is not dut» 
solelv to the amount of uplift thev havi» sustained, but to 
the strength of tin* nnk eom)K)sing them. They are the 
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nion* resisteiit piirts of the eiirth's surf nee, and they owe 
their elevated ix)8ition in large mea8un» to their strength 
in withstanding the cutting jxjwer of streams, and in re- 
sisting the etching forces of the weather, better than sur- 
rounding weaker rocks. But mountains generally rei>re- 
sent i)ortions of the earth's surfnce which have lH»en uj)- 
lifteil mon» than the surrounding tracts. A prime factor 
in the making of mountains is differential uplift. We 
know that the mass of Pike's Peak has been upraised 
more than a mile higher than that of the mountains to 
the north of Manitou. A bn»ak ciime along the l^te Pass. 
The rocks 8lii>iitHl vertic^dly past (»ach oth(»r, on the sides 
of the gn*at fissure, and one bWk went up more than 7,()(X) 
feet bevond the other. This movement was not sudden; 
it wiis probnbly interruptiKl over long i^eriods, but it is 
re8ix>n8ible, together with the strength of th(» granite to 
withstand weathering and stn^am c»rosion, for thi» promi- 
nence of the Pike's Peak mass over the surrounding 
country*. In mldition to this localized movement tht* 
whole Front Range itself w^as uplifted essentially ns a 
unit. Th(» nanu* "Front Raiigt;" has bi»en given to th(* 
ninge of the Rocky Mountains whicli bonlers the great 
l)lains on the west. Its hi^ight nl)ove tht* plains is a (X)n- 
secjuence of the strength of the granite rock comix)sing it 
iind the amount of uplift. whi<'h it sustaintnl. Its s<nili>- 
ture is a consetjuenc^ of stream cutting. 

SiiK^ rivers are constantly tToding tlieir binls an<l 
making tiner and finiT the loose rock, gravi»l, and sand 
which they grind tog(»ther, it is evident that tht»y nmst 
have to dis]X)se of iin enormous nmount of loose rock and 
fine sand, ns well as nmd. At tinu»s their courses arc 
a<*tually im^xMltKl to an api)reciable extent with it. Tlit* 
material is, however, constantly journeying with the waters 
towanls the sea. Its progress is nrn^sttnl ngain and iigniii. 
Whenever there is slack water along the rivc»r Ih^I. some 
<)f the material is temix)rarily dropiKnl. but ultimnt^»ly all 
the fine materini is Ixniic* into the sen Ix^vond the riv«T\s 
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mouth. Ocean currents sweep it up and down the coast 
and it falls to make sheets of sand. mud. or jan'"vt^l« in the 
shallow waters otf shore. This proc^ess wiis consiilered in 
Chapter 2. Should the whole continent in time rist* 
higher with reference to the sea. the off-shore strii) of sand 
or gr<*^'**l '^'il' ^ fidded to the land. This hapix*ns agjiin 
and again. 




p^'bS^I^ 



USRAUr 



S.i>.'« 





PLATE 21. -EROSION COLUMNS NEAR THE ENTRANCE TO 
MONUMENT PARK. 
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^HH viill<-.v kiiowji lis Moil 111 I [.-I It I'lirk li.-s iilH.iit 
I'ijjht mill's iiortli of Colonido Spriiif^s. It nitiu 
111 ciiKt-wfst ilin-rtioii fnnii MoimiiicTit ('n-<'k 
I iMick to tlie moitiitiiins. Tin- travi'lt-r iii;iy 
c«nveiiieiitly mnkc the i-xmirHion l»y tiikiiig the Coloniilo 
and Soiitlifni HnilruiKl to Itn-ed. From this stiitiou the 
POHd Ifjids west U> Moiiiiini'iit ("nek. Tln' old bridti;!' iit 
this iKiiiit is broken down, 1ml by irossiiiK on tlit' footwiiy. 
which h)is Ixfii ni»<lr over llic rnnk one meets tile niiid 
iwwlinK beyond the D. & K. (i. K. \i. trntk into the |.ark. 
The distiim-f from Breed stiitlon is three-<|«iirters of ii 
mile. As one is jilHJHt to eTiter the park in this wiiy one 
Bees on one's ri^ht haiul tlie <-oluini[ar itiiisses of ruck 
shown in Plate :!1. These sintjiihir forms iire not diftieiilt 
to«ijlain. They ;ire due to weather work on level lied- 
d.tl rocks of very ii!ie»]nal lianliiess. The coluimis aiv 
niwle n\} of connloineratc. The materlids which form this 
rock wen- won liy the wearlnji down of the granite. (JmirtK 
and feldspar iire the ])romitient minerals which one notes 
in theiM'bhIes of the eon^doiiierate: aixl tlirse. with miea. 
went to make np the fjranite befon- it was Ijfoken (hiwn 
by the weather and (-111 into by streams and rivers. The 
finely divide.! nx-k. as >ira»el. was swej.t ont 1o sea ami 
ther*- <h-ix)sited in layers. Th.' sheets of ix-hbles were 
<wment*'d together after the manner ontlined on iia^jp- Id, 
Excnrsion 2- and raisi-d alxive water lo form jwirt of the 
land. The conKlomerate is for the Tnost part li^dil colon.,1. 
unlike the similar r<H'k betw.H-ii Manilon and the (lanleii 
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of the CtckIs, for the reason that but little iron, the chief 
coloring agent in nature, appears in the cement between 
the grains. Some of the layers in the series, however, 
have their constituent grains bound together very firmly 
by an iron cement in unusual abundance. These are the 
hanl layers of which fragments appear on the tops of the 
columns. They are a dark, rusty brown. This c^p rock 
was once in continuous sheets which resisted the down 
cutting forces of the weather very effectively. When, 
however, they were once broken through, the weaker con- 
glomerate beneath them gave way very remlily. They 
hfive been removed in large part over nmch of the park, 
but in the general down- wearing of the country many 
small patches of the hanl, iron-cemented cap rock still re- 
main. Thes(» have always savetl the conglomerate beneath 
them from dissolution. Were the hanl c^ip removed from 
the tall column, Plate 21, it woukl quickly be worn down 
to the general level. This is the condition which the two 
smaller colunuis beside the larger ouv have experienced. 
They are much reduced, but not as yet completely re- 
moved. In a v(»r>' dry climate the decay of such columns, 
depending as it does uix)n moisture in the air, is slow, for 
the rains are infri»c[uent, and the atmosphere is generally 
dry. When the rains do come they gather in swift sudden 
runs, and accomi)lish a large amount of cutting in a rela- 
tively brief time. The bases of the columns are attacked 
in this manner. Some are so fortunately ph^ced sis to be 
aside from the main courses of running water in times of 
rain. But when onc^ the hanl cap hfis bt»en removed they 
([uickly succumb. 

With this explanation in mind the traveler should pro- 
ceed along the road which follows the little dei^ression just 
south of the \K)int in Plate 21, until he comes in sight of 
the square stone houst* a quarter of a mile to the west. 
On turning north at this i)oint and (^limbing the ridge, he 
will have an c^xtensive view of the whole of the park. 
Forty or fifty columns an» in sight, Plate 22. By tiiking 
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the road agiiiii, or by following the ridge imrallel with it 
toward the west, a short walk brings one near the weatii- 
♦*rHl mass of conglomerate shown in the middle ground of 
Plate 22. A study of this shows how the solid bloc^ks are 
worn into columns in the first plac^. The conserving 
effect of the hard layer is at once apparent. Farther on 
wloiig the roiul towanl the deserte<l whitt* house one inet*ts 
the large column shown in Plate 23. The cai)-roc^k ui)on 
it is massive, and it is clear that tht» (^olunnl itself will in 
time be so reiluced as to fail in supix)rting the cap. The 
group of colunuis given at the right in Plate 24 siiow tiie 
other condition, that where the cap is Ixnng removal first 
while the column of c^onglonierat(» is still big beneath it. 

In walking through the pirk one may note that where 
('ohinuis stand near togt^ther on a hillside their cai)8 fall 
into a conmion plane, as in Plate 25; and that those col- 
umns which are farther down the slo^x* than their ('om- 
|)2inions must Ih» individually taller, to rt»ach the layer of 
which their caps are fragments. It is not difficult to re- 
construct in the mind's eye the whole block of conglom- 
erate ocTCupying the site of Monument Park. Out of it 
the stn»ams have be^»n cutting many small valleys while 
the weather working against the residual masses of ro<*k 
in the ridges lx»tw4H^n them leaves them in (X)mi)iinies of 
colunuis. Probably 8,()0(),()(X) years have i)asst»il by since 
the conglomerate was made into land to Ik* worn down in 
this wav. 
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:HK liiih'stoiic <*;ivi*nis iiisir Maiiiton aire much 
siuallcr. wlu'ii coiiijMinnl with the ^re«t care in 
Kt'iitucky. I»ut thi»y ilinstnite the proctws of 
1^^ r.MViTii luakiii^ (luite as fiilly. CVrtaiii of the 
format Ions |HH*uliar to i-avi»s an* n'j)n*seiite<l in them with 

UlKXMtiniOll Usiutv. 

As i»ut' eiitrrs thi* C'avr of the Winds the iwk on either 
haiul has the apiK'arance of having U-en in liir^ny imit (lis- 
sikKiHl away. T\u* iXH'k mass known as the Bat*s Wiug. 
near the entrane*', has a tlutcHl surface as though water 
hiul run over it in stn*ams and eaten into its substance. 
Sueh limestone <-averiis depend for their existence aix)n 
the faet that the limestone in which thev stand is more 
easdx disst^lviii Uy wati-r ]»assin^ thnnij^h it than is any 
\»lhrr ixH-k. The limestone must l\v nt*arlv flat in thick 
UhU if it is to lend it si *lf to the pnn'ess of cavern-making. 
It iis not unusual, however, to hav(> occasional thin simd- 
sti»ne lavers in the midst of the limestones, such as that 
xshich apiHN'irs alon^tlie back wall near the entranc«\ 

When rain falls on the earth it d<N>s not all flow away 
in surface stn'ams. A pait of it soaks thnm^i^h the soil 
and nio\es for lon^ distances nnd<'r ^nmnd along the 
cracks in the masses of rock. It Issues forth again in 
Npiini;s. Pure water Is aMi- to <lissolvt' all ro(*ks to a 
slight extent. Limestone is much more easi I v soluble than 
the (»!hers. .\s it passes through tin* layers of soil near 
llu- surface it encounters decaying ve^'tahh' matter and 
U'ltintes eliar;xe<l with some of the ^asi's incident to <ie- 
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Manitou Caverns, 2*J 

compoeitiou. Limestone then becomes its easy prey. The 
wnters enlarge every channel through which they p^iss. 
Rocks are fall of nearly vertical cracks extending down- 
ward for hundreds of feet, and these are intersected by 
cross fractures running horizontally. The sets of fractures 
in bedded limestones are like the mortar-iilkHl spaces in 
courses of brick work. Water charged with gases taken 
from the soil makes these fractures larger and larger in its 
IMssage. The rock within the caves is the same as that 
which appears in the walls of Manitou Canyon. Plates 8 
and 9 serine to set before the remler the ai)i)earance of the 
vertical and horizontal cTacks. The dark places mark the 
openings of small caves which in some castas extend back 
for many feet from the surface. In the midst of most 
limestones pieces of flint are found and these are only 
slightly soluble in water, if at all. Such flinty iuipuriti(»s 
are apparent in the limestone first encountered on taking 
the road into Manitou Canyon. More or l(»ss iron and 
alumina are present as impurities in the midst of the rock 
as well. All these are si»t fnv as the limestone is dis- 
solved away. The water~flowing in the stronger channels 
is able to take such materials iind erode its bwl with them 
as a surface stream would. Cutting in this way may go on 
until long deep galleries an* made in the rock, tht* iMilarge- 
ments of original vertiwil and horizontal cnieks. Sooner 
or later the same i)roce8s advances at lower levies in the 
limestone and the old chaniu»l may b(» abandoned for an 
easier one below it. In this way many (h»sertfKl galhTies 
may be left at hist which wen* original waterways in the 
limestone. Th(»y Iw^come HIUmI again by quite different 
processes. Sometimes the amount of relatively insoluhh* 
rock particles in the stn*am is so gr(»at as n(»arly to choki* 
its course wh(»n the waters fail as having been gradually 
withdrawn to low(»r channels. Most of the passages in the 
Cave of the Winds, as the guides iK)int out. W(»n» originally 
in this condition. The soil on th(* floor of the chambtTs 
repn»sents in large jwrt the imimritit»s in the limestone. 
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Much s;iikI hri> nlst} U-eii washed in by the stivams which 
pinngi'd down the sink-holes from the surface. Many tons 
of fwinrl have Yttfu carri^'fl out from the galleries to make 
them l>;ifts;thle. 

Cracks in the rcK>f of a ^dlery are frequently marked 
by rows of hanging calcite icicles. These are called sta- 
lactite's. Plate 2^). Some are obsen*e<l along the roof just 
inside the entnince to the Cave of the Winds. Drops of 
water which have come through the rock along the crack 
overhead have brought in solution minute amounts of the 
lime com|K>und which makes up limestone. On issniug: 
forth along the crevice overhead they evaix>rate quickly 
and give up the mineral matter hekl until then in solution. 
The stalactites are built up very slowly in concentric 
layers, as the mineral charginl water trickles down along 
their outer surfaces. A stronger run of water may keep a 
central hollow passage o^jen to the lowest tip of the sta- 
lactite. The rate at which the water comes from the crack 
overhead determint'S whether it will drop to the ground or 
evaix>rate on the surfact* of the stalactite. If it falls to 
the tlrx>r of the cave a mound of calcite will be built up. 
In time this may rise as a pronunent column. These are 
called stfdagmites. Some of the largest in the cave are 
those shown in Plate 2^>. from tht* Bridal Chamber. When 
a great deal of mineral matter is brought in solution by 
the water (K)zing along an overhead crack so that very 
large stalactites are formed along it. and stalagmites Inf- 
low them as well, solid pillars may W built from floor to 
nx)f of the cave. Plate 27. In the end these growths 
dose up the gnllt-ries so that passage along them is no 
longer ix:)ssible. The pro<vss is. however, extremely slow. 
hnnuMlicitely after passing the Bat's Wing, one turns 
to the right for n short distance and then n^sumes the 
original direction, passing into two small chambers on the 
rcx)fs of which numbers of stalactites niid curiously varied 
crystalline forms apjx'nr. In these chambers thedroi)ping 
of mineral clinrged wjiter has been very irregidar. The 



PUB:.K. l.[hKARY 



MAXi"n»r C'avekx> :<l 

KTowth of stala^onitf matlfr has be^n >ij uiif v^n that fan- 
tastic fomis of great beauty have ivsnltt^i. The shelviiii: 
sides of the galleries carry them as well. Plates 2*:^ ami i*. 

By nionuting the steijs at this jxtiiit. one may enter the 
Bridal Chamber, when* some of the laniest stalactites aiul 
stalagmitt*s are seen. Plate 26. This is the best plai>* lo 
mark the effect of trickling waters couiini; down through 
the roof. At the present time deixjsition of liniecarlK»nate 
is going on over the surfaces of the stalacites. One may 
note that many of the tubes are hollow. The nwiin gjd- 
leries were worketl out by the running of undergiound 
streams almost as wide as the jjiissciges themselves. 

The method bv which limestone is attacked in natun* 
Hiight be n»presente<l exjieri mentally by taking some hun- 
drwls of rectangular blocks of rock sidt which had sand 
grains as an impurity all through them, and building the 
blocks ui) like brick-work hiyer after layer, with a ft»w very 
thin sheets of loosely cemented sand l>etwet»n them. Watt»r 
allowe<l to fall on the surface of the mass would make its 
way down along the vertical sj^Jices lx»tween the blocks, 
dissolving the walls and so enlarging the j^issages. The 
wnter would carry along all the sand grains that wt»re dis- 
solvt^l out of the salt, and use them to abrade the chann**! 
ways. The downwanl i>assage of the tiny stn»ams would 
Im* stoi)ixHl for a long tinu» by each successive layiT of 
(•eniente<l sand grains. The water would flow otf horizon- 
tally over them, but in time they too might be broken 
through in places and the i)roce88 begun lower down with 
the (U*sertion of the upix^r gjdleries for newer ones. Wat(»r 
in its iMissage down into the mass of ro(»k salt would h^ave 
vertical funnel-like oi)enings leading into the mass from 
the surfacv. We see just such funnels in lim(»stone re- 
gions where caverns are abundant: they an* known as sink- 
holes. The 8tei>8 lemling up to the Cave of the Winds 
fmm Manitou Canyon are built insi<le of such ;i sink-hoh* 
ten or fifteen feet in diameter, its walls in places broken 
away, down which the water j)lung*Ml in former times. 



H'l Maxitoi* Caverns. 

After tile cfivenis had been foniiecl in the Manitoii 
Canyon limestone. Ma niton Canyon it8**lf was made by the 
<'UttinK action of tlie streams following the direction which 
the canyon takes. It is probiible that in the making of 
th<* canyon caves comiKirable in size with the Cave of the 
Winds were destrovt*(l. 
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MKE'H PEAK ik interesting iK'i-auKe of its i*.-- 
ciilijirly sculptiireil tIankR. The siime fon-CM 
. tlidt Inive ciiniHl the Miitterhorn hiive Ini-n 
letive iiKfiiiist it. The forces of erosion. <h'<iiiy 
under the wcjither. frost riving, and stream <-uttin^ an- 
everywhere (»iK'nitjve. On the highest mountains we may 
have the cutting «ione by glaciers, (hi Pike's Peak Hve or 
six glaciers wen- active in former chiys. 

(Thiciers are the resnlt of cliniati<- itnulitions which 
make for an exc'ess of siiowfjiU over snow wasU'. Mori' 
sniiw ninst fall <liiniig the winter season than can l>e niT- 
riinl away by the Ku<'cce<ling summer heat. This banking 
iiji on the mountain of snow that does not go away from 
year tu year, leads to the jirodurtion of ice in the (Iee]MT 
nivini-M near the snnmiit.- The crystalline snow Hakes an- 
piessf^l together by the weight of the overlying layers of 
SHOW and thi-y lieconie, loW(>r down, crystalline ice granules. 
At the Urttoni of the i)ile they are firm <-rystallii(e iic 
(iravity is resiwnsible for this oondensal ion. The gran nl<'s 
by the weight ui)on them an- ma<h' to melt wher<> ilieir 
jiarts touch, and the n-sulting moisture at oiK-e frei'/.s irj 
the o|(en sjHices where the rounded grains of ice are not in 
contact. Each grain is very slowly reailjusthig itself to 
the stress uiion it as the layers alwve bear dawn with tlicir 
weight. The grains move by minute amounts, and the 
sum of all these movements is the slow thnisting forwanl 
of the whole ice mass down the valley. Thi- glacier moves 
at stmie such rate as 'i or 4 inches a day. more in summer. 
less in winter. By the movement of the stn-aiu of ice 
down the valley to the iwint where evajioration at a lower 
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lev«*l n»:lii(H*s it to nothing. coiniH^usatioii is made for the 
exct^s of snow fall over snow waste in the snow fields hijich 
np on the mountain. 

There have Ihhmi no ^hieiers on Pik(»*s Peak for thou- 
sands of years, hut the hollows in which they hiv are so 
l)e<-uliar that they are unmistakable. There are five of 
these on Pik(»'s Peak. One is v(Ty jilainly in si^ht from 
Colorado Sprinjijs, the cuii-like hollow depression just be- 
twetMi Cameron Cone and tin* summit of Pike's Penk. 
Plate iM). It is known as the Crater, but has, of eourse, 
nothing to do with volcanic activity. A ^hicier dot»8 not 
scrajH' away much of the IhhI rtK'k under it, though it 
mak(*s it rehitively smooth by rubbing over it with the 
small ])ieces of nn-k froztMi into its under surface. It lubs 
against its valley sid(»s and scrajK^s away nnich broken-up 
nx'k which it pnuMnnls to carry alon^ its flanks, as it 
moves slowlv down the vallev. Wh(»n at hist bv climatic 
chanj4;es over the country the glacier is (»ntirely melted 
away these accumidations of broken ro<'k alon^ its former 
course an^ h'ft to mark the width of the j^lacier from side 
to side. They are called the lateral moraines. VerA' ^i;ood 
lat«Tal moraines may Im» scM'n on (»ither hand to the north 
and south of Lake Moraine. The rid^e bordering the hikt* 
on the north and 25 feet above it is very nearly i)erfec*t. 
That which rests against the flank of Bald Mtmntain, 
alon^ the south slion*. is less prominent, but its level top 
line is still verv distinct. The hollow in which the lake 
rests was niad(» bv a<lditional accumulations at its foot, 
that is. to tlie east of it. This was the ]H>int In^yond 
which the glacier did not j^o in its movement down the 
valley. All tlie l(M>se stony material which it carrie<l was 
left at that jMiint as a terminal moraine. The eml>jink- 
ment has Immmi made stronger by an artificial dam. Such 
lakes are common in mountainous districts when* ^hiciers 
formerly existe<l. The ice stream winch endtnl at the 
IK)int now <K*cu|>ie<l by Lake Moraine must have Ihh^u a 
mile and a half lon^. stretching down from the Innuidin^ 
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Pike's Peak. ii'") 

wall of granite tx> tluMK )rth west. The whU of the (Vnter. 
neiir tlie siiniiiiit of Pike's Penk, is of the same kind. 
Such hi^h, steep, eliif-like faees of roek are rare in nature. 
They indicate the iKK'uliar euttin^ work which a ^lacit»r 
(l(>t»s at its head when* it rests against the n)ck at its high- 
est iK)int. Tlu» nature of this work may be bronj^ht to 
mind by the terms t)f a simph* exix»riment. Wh(»n a 
building stone is to be tested to see how it will (Midnre the 
wt»ath*'r. it is soaked in wat(»r until its pores hav(» taken uj) 
all they will hold. Sonu* ix>rous nn^ks will take up water 
to the amount of 15 jht c(»nt. of their volume. The wet 
roi'k is jmt into an ice houst* where the temiK'rature is h)W 
enough to cause freezinj< during the night. Next day the 
block is thawed out. and the pro<*('ss rejx^attHl. Aft(»r a 
month of this the stone shows signs of wear because the 
water fn*ezing in its cracks must (»xpand and will wedge 
away little surface ])iecc»s. This is a sev(*re t(»st but it re])- 
n»sents t»xactly what goes t)n finmncl the h(»ad of a glacier. 
In summer time a j)ortion of the i<H* melts against the rock 
walls and all the i)orous places ,t>f th(^ r(K*k are soakt^l 
with water. At niglit this water frtn^zes and the result is 
the plucking oif of pi(»ces of the rock. Wc^athering of this 
kind is shari)ly li>caliz*Ml, and very vigorous. Tlie pn)cess 
is kept uj) for thousands of years so that it leads to very 
<*onsiderable digging in on the j)art of the ghicier head 
against the rock. It is at the same time like a process of 
sapping, for the unsupi)orted rock above will fall down 
uiK>n the ghicier. If. as so often happ'ns. the r<M*k is all 
broken up to begin with by great vertical cracks, a sheer 
wall alM)ve tlu» hefKl of the glacier will result. Tin* ob- 
server standing near the sunnnit on Pike's Peak may look 
down into the Crater and s(»e how well the glacier that 
<x»cupi«Hl it has succee<le<l in gnawing into the mountain, 
and removing the i)ortions of tlu* <*lit!' whi<*h fell contin- 
ually uiK)n the ice as their su|)|)orts were cut away below 
them. A short distance down towanl tin* east is the gr«'at 
lu»ap <if l(K)se rock, the terminal moraiiif. marking the f(K)t 
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of the glacier, and representing this material. This mo- 
raine is the mound in plate 31, an inch and a half above 
the point where the cog-road passes out of sight on the 
left. Five other ciip-like depressions with sheer bounding 
walls appear on the flanks of the mountain. The Bottom- 
less Pit is one of these. The valleys which have been 
ocxjupied by glaciers are U-shajxHl in cross section. 

The top of Pike's Peak is in a realm by itself a« re- 
gards the form of erosion which weathering iicconii^lishes 
ujx)!! it. Here the riving action of frost is the most ini- 
ixjrtant process accounting for the breaking up of rock. 
The tem^x^rature on the ixmk is often in winter and at 
night much below the freezing ix)int. In summer and by 
day it is usually not far above freezing. There is no veg- 
etation to furnish by its decomiX)sition the acids on which 
the solvent power of water so largely dei)ends. Under 
these conditions chemical decay is but slight. Weather- 
ing here proceeds by frost riving, the freezing of water at 
night in the pores of the rocks after a time of thawing by 
day. The granite blocifes by this proc^ess are simply riven 
apart. The top of the* peak is everywhere strewn with the 
resulting scah^s and broken pieces of granite. Plate 32. 
One sees nothing else until one gets down on the slo^ies 
where running water and chemical decay are eflfective. 
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Exrursinn B. 



flHE r-^i.l wl.i.-h l.-^.v.-s III,. .-,,.i ..f tlu- ,Mi--lii.,- 
J ill Brrwiilnn'T li»-s w.-^tw;inih until it tutus at 
J til.- first Ih.u>.- ..n il,,- j.-ft nmi m.-.k.-s .linvtlv 

OhejvHiii- Mouiitiiiii. Whi-ii it is n ihini i>f tin- wiiv u]i 
the bIo]m> it i)riK-H<-.ls on llx' l.-vrl towiinl iIk- IkmiI of Stmtii 
Che>-fitiif Cmiyoi,. Tli.- tniil i<' ilx- summit starts U'si.l.- 
the little stivjiniwi.y w-liii-}i tlio n>;.il .■ii>ss,s cm t\w wi-si.tu 
tiaiik of the luduutiiiii. 

Miiiiy BUiiill stP-iiuis, wliiili ;iri' not i-nnsl.iMt. l>ul only 
tormit wjivK ill liiiK-s of niiii. Ii.ivv l«<u ;it wurli ;iloii^ iln- 
tiKv of the Fniiit Riiiin<' ill Culoniilo ti-nriiiy iiitotluMiiiHiii- 
tiiiiis. Cheyrum- .Moiini;.iN. I'hit-- :;:!. is s.vi. to !»■ .Lvplx 
m-oretl in this wjiy. Tln-n- is ;i >;rc;it cirpn'ssioii just U-- 
youd tile lioni.t.i llir soiitli..iur to llir i-nttiu;; of torr.'titi;il 
Ktreiniis. Tlie pnK'css luis l.c-u no-nj; on !'or ;it IimsI 
aHMMIO yeiirs ;.ml :.|[ tluit niiiiiin;,' Wiit.T has U-.-ii tiikiii-,' 
from thi- ni(miit;iiiis has Ih-.-ii iJi'o|i|i.-ii wln-ri' ihr riM-i-s 

<-onie out on thr phiins. Tho low.-r sIoin's of th.- iii- 

tJiiiis lire frinyttl wilh sln-rts of j.Tavi-l fn>iii |.'i li. 7."> {'.■■■t 
thi«-k. The litth' tnnviiti;il slr.-ams whirh .1.. not ris,- far 
biic-k in the uiountfiins liav.' iill aloiiK I'<'>'n milking lhi> 
uiitwiish |>ljiin of u'l'ivi'l. Tin- sti-otip-r str<-aiiis i>n lln- 
other hiind. su.-li as North Cln-ynn.- ('i-.-.-k. .-omin- riom 
ftir luiek ill the nioiiiitaiiis iiiive ke|>l iheir eoiil's>'> eliar of 
t^nvel. or they Imv,. I.,vii .->l>le lo nit .Inwu t]n'oii;;h it. 
iiithiKWjjy the jipron of snivel is so .lis,-ot,tiinioii> ili;,t 
Hilly HliceH of it iire seen In.Iwoom tin- sirnnj; stiv;iui>. as on 

N.iTK. -Thf <.rii..jr»il nail..- fi.r -(il.-n K>rir t ■r.^.-k ■ i- -fiimi. 
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either hand of Fountain Creek, C/heyeniie Creek, mul Bear 
Creek. Broadmoor is built on a remnant of the great 
sloping gravel plain, and in Plates 34 and 85 one may 
notice how nmch of it Canq) Creek has cut away.* In 
Phitt* 85, at the extreme right in the distance, the sky line 
is a part of the great mesa of gravel which stretches from 
a ix)int near the Garden of the Gods to Colorado Si>rings. 
The cultivated low ground to the east of the prominent 
ridge in the picture lies along Camp Creek, and its level, 
so far below that of the mesa, gives us the measure of the 
cutting whic^h the stream has done. The course of Camp 
Creek, in Plate 84 from right to left, is marked by the 
line of trees in the middle of the i^icture. Beyond the 
river a small remnant of the gravel i^lain shows on the ex- 
treme left. Its long l(»vel to^) is just at the right height to 
fall in with the line of the mesa at the extreme right of 
Plate 85. The two are parts of the same plain of gravel 
and they were once continuous. 

As one proceeds from Broadmoor fdong the rOiul 
toward Cheyenne Mountain thi* gra<^le becomes steeper and 
the fragments in the gravel are on the average larger be- 
cause the heavier pieces do not travel far along the water 
courses. Large blocks like those shown in Plate 1(> l>e- 
side Cheyenne Creek which break away from the cliff 
faci*8 rarely get far from them. 

Where the road first touches the bed rock, (near the 
telegraph jxdIc numbered 272 at this writing), the granite 
is staine<l a (Wp red by iron and it api)ears nmch darker 
than it dot*s higher u]). A striking feature of the granite 
at this iK)int is the way in which its surface is pitted by 
the removfd of the mica which the weather has eaten away. 
Thousands of cracks cut across the granite in many direc- 
tions. Sonu* which are very prominent are nearly hori- 
zontal, and run for luindnKls of feet continuouslv. Such 
are thos(» shown in Plate IM The granite is much decayed, 

♦NoTK. The propter name for the creek commonly known «s 
Glen Eyrie Creek is Camp Creek. 
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Cheyenne Mountain i^\i 

and the stronger portions stand out boldly in forms like 
those that appear in Plate 18. These columnar masses of 
granite are due to some peculiarity in the constitution of 
the rock which renders it a less eiisy prey to the weather. 
Or they may happen to be in favored places. Until stream 
work has operated for a long time the streams will not havt* 
succeeded in reaching every corner of the ground. The 
spaces between streams may be free from their attack for a 
long time after the country surrounding the streams them- 
selves is generally worn down. 

When one has followed the road around the northern 
slope of the mountain into South Cheyenne Canyon one 
comes at the first little stream to the beginning of the trail 
to the summit. This is near the telegraph pole numbered 
802. On the way up one passes enormous rounded masses 
of granite resting in heaps one above another. They are 
like the blocks shown in Plate 3, but at on(» ix)int they are 
so numerous that they quite cover the mountain. 

The bold front of Cheyenne Mountain is a consei[uen(^e 
of differential uplift. The break in the earth's crust which 
the Ute Pass follows, runs along the flank of Cheyenne 
Mountain. Pike's Peak, Cheyenne Mountain, and all 
between, are in the block upraised «long the fissure. The 
ancient sea in which the sediments now making up the 
plains were laid down, en me up to the base of the moun- 
tain. It is as though the observer standing on tht* top of 
Cheyenne were looking from the original land mass out 
over the sea which covered the intt*rior of North AnuTicn. 





lExrurainn 9. 

(§n tljp JSIUantng of MoBeils. IQitif an Arrmmt 

of tlft Coralttipa IStjrrr Stirg 

HUiQ Sr 3Raunh. 



^(K'K strain tirt- tlii> [liiges in the book of the 
ciirth's geological liistory. They wer» deposited 
in onler otn- hIkjvc xiiothcr like the lenves of a 
j iKJok lyiiiH rtjit. The siirfession of living forms 
on the i-iirth hiis been from first to lust in ii definite pro- 
>;n<SBion. Ah we exnniine the rockn for triioes of living 
thiii}^. K*>i"K iip^'iird into the beds of inon' recent Hge. the 
hi^rher iiniuuil ty])eK npiN-iir »iiocesKively. From Cambrinu 
to nt-eiit tini<-6 there are lit divisions in the gi^lc^ml scale. 
Se«' table on paK*' ■"'''^> (""I'liii'i 1- Nu fonns higher than 
the fishes wen- known in the second of these, the Ordovic- 
ian ix-riod. In the fifth, the Carbon if erons. iiinpbibia had 
come in for the first time in the earth's history. The rep- 
tiles were established in the next jxTiod. The earliest 
binls made their apix-ariinee in the seventh time division, 
the ■Iiirasi«i<-. Finally, in the eighth and ninth periotis. 
th4- Cn'taeeoiis and Eocene, mammals aptieared and took 
a <lomiinint jilaee. Fossils are of extraordinary interest 
then-fori'. iMK-aiise, as they succeed <ine another, they give 
nu the liistoric snceession of aniiniil life on the earth. 
(Vrlain forms definitely characterize certain stratji. They 
an- in series like the numbers of the jDiges in a hook. As 
we can tell the ri'Ijitive jKisition of a xingle leaf by its num- 
Imt, and by the writing njxin it, so in the same unniner fos- 
kIIk mark tlie n-lative iMisition with refen-nee to the others 
of any stratnin <t{ nx-k in wliieh they an' found. In the 
Coloraihi S|)rings ri'gion the moHt nn-i-nt fossil is the tooth 
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of the mastodon which was found buried in the mesa grav- 
els north of Colorado City. The mastodon was the fore- 
runner of the elephant. It has been extinct for at least 
150,000 years. A quarter of a mile south of the gateway 
to the Garden of the Gods a few bones may be sven in the 
sandstone, parts of the skeleton of a Jurassic reptile which 
lived millions of years back. Fossil bones of this kind are 
extremely rare. In the Jurassic shale east of the band of 
white gypsum a skeh^ton of the reptile describiHl under the 
name Mosasaurus Manitouensis was disco venxl in the early 
80's. It is now in the museum of tht* Philadelphia Acad- 
emy of Sciences. 

In the old seas in which the sandstones, shah'S, and 
limestones were deiK)sited innumerable shell-fish lived on 
the bottom. Their hard parts were often ground to piecc»s 
in the wash of the waves and currents and lost. This hap- 
jjened in nearly all cases when the animals liv(»d near the 
shore-line, where waves are most active. But in deejxT 
quieter water shells are often perf(»ctly prc^servinl in the 
midst of layers of mud or sand, afterwards made into beds 
of rock. There are usually small diif(»rences between suc- 
cessive layers, so that the layer on which the shell falls is 
slightly hardened before the next covering layer is d(»positt»d. 
The two layers may afterwanls as solid rock be split apart 
with comparative ease and the fossil shell exix)stHl. Often 
the original shell substance is entirely gone, but a print of 
its parts remains in the rock where the shell rc^sUnl against 
materials that were once soft. 

Fossil remains of thest* classes of animals are to he 
found at many places in the Colorado Springs region. It 
happens but rarely that sedimentary rocks appear upsidi* 
down upon each other. There are no such overturns near 
Colorado Springs, although the layers of rock have oftt^n 
been thrust up until they stand vertically. Those nearest 
the mountains are tht^ oldest, and the younger and younger 
layers appear successively as one goes out from the moun- 
tains toward the east, (ic^ologists have been busy for over 
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a huii(lr(»(l years studying the succession of fossils from 
old(»r to younger layers of nx'k. being able to say safely all 
the while that the fossils in one bed lying over another are 
tyi^es which lived on the earth later than those in the bed 
bi»low. Many thousands of six^cies have been collected, 
following each oth(»r in the same onh^r, at many difft»rent 
loc^dities, until by a comparison with this series the fossils 
occurring in a given rock fix its place in theg(»ological time 
scale. Near Manitou fossils are not hanl to find in the re<l 
limestones 35 ft»et above the granite, either along the I'^te 
Pass, n(»ar the (irand Caverns, or in Manitou Canyon just 
upstream from the Narrows. They prov(» the Cambrian 
ag(» of the beds lying just above the granite*. They are lit- 
tle shells not much over an eighth of an inch across and 
nearly round. Their whitt* surfaces are conspicuous when 
they are uncoven^d in the midst of the rcnl limestones which 
contain them. Th(» rock is hard and a good deal of it nmst 
be broken up with tin* hannner before shells are laid bare. 
In Cambrian days no forms of life had apix*are<l as highly 
<leveloi)ed as the fishes. Ordovician fossils may be found 
in the limt^stonc* layers at various levels until one is 75 fe<4 
above the road in Manitou Canyon at the ^xiint wh(»re a 
pith leads ov(»r rock slidt* from the Narrows to the mouth 
of Huc^icod(» (.^ave. Th(» more granular layers are the* most 
favorable oiu^s to (examine. Sections of shells like a snail's 
show best on rock surfacc»s which have long been exix>s(xl 
to the weathtT. 

For hundriKls of feet upwards in tlu* series going out- 
ward from Manitou tht* rocks are nearly bare* of fossils. 
A favorablt* place* to search is on tin* face of the ridge just 
west of the I'nitiHl States Refining and Reduction Com- 
IMiny's mill. The gray limestone laytTs at this iK)int are 
ni^arly a foot in thi(»kn(*ss, in prominent beds. They stand 
almost on end. The fossils are large shells about the sizt» 
of a horseshoe. Their substance is ov(T an eighth of an 
inch in thickness, and their surface wlu^n i^xjiostHl, is s(H»n 
c()vere<l with concentric ribs. Thev are known by the name 
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Iiiocvramus deforniis. Plate i]i\ Fig. 1. They clicirncterize 
the Niobrara limt^stoiie in the C V(*ta(!e()us. ( Hher shells of 
the same genus but smaller sjiecies are found in the over- 
lying shales. Fig. 1 a. Along the bed of Monument Creek, 
which lies on the Pierre shale, small white shells an inch 
across oc*cur. Tht^y closely resemble very small clam shells. 
Their name is Lucina occidentalis. Fig. 2. The coiled 
shell Scaphites, Fig. 3, is fcmnd much more rarely in the 
Pierre shale. It shows not infn^qutnitly a pearly surface. 
Southeast of Colorado Springs, near the Printers' Home, 
in the layers of rusty yellow sandstone exjKJsed along thi^ 
stret»t where the Nob Hill (^ar turns north on leaving E. 
Pike's Peak Avenue, and one block west of the building, 
small Inoceramus shells are fcmnd. They are like the large 
Inoceramus deformis. except for their size, and their sur- 
fac(»s are marked in the same way. Baculites c(mii)ressus. 
Fig. 4, is often found in the Pierre shale. Thus far the 
occurrence of fossils which were originally covered up in 
the layers of shell fragments or mud on the sea floor have 
been described. It is more difficult to find the stems and 
leaves of plants which fell in bodies of fresh water on the 
land. In the fine grained sandstones making the high 
ground known as Austin's Bluff near the base of the clifl'. 
leaves of trees n^sembling tlie willow are found on breaking 
up a good deal of the sandstone. Palm leaves in the same 
rock have been discovered occasionally in times past. 
Along the slo^je, under (^astle Kock. near the Pikeview sta- 
tion of the D. and R. (t. R. R.. where the hard white sand- 
stone cliff ends, and the slope of soft gre^n crumbling 
sandstone comes in immediately below, there is a dark 
brown layer in which heaves may readily be found. Still 
more favorable phices for collecting fern leaves are the 
abandoned inclined tunnel-like openings across the river 
east of Pikeview which were made in pros[M'('ting for coal. 
The layer which usually contains coal has been openinl uj). 
Above it comes a fine grained soft clay, and in [)ieces taken 
from the roofs at the tunnel entrances there is always a 
g(xxl chance of finding the leav(»s of ])lants. 
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The evidence given by geology shows that life on the 
earth has been continuous since its dawn. The succession 
from generation to generation has been without a break. 
The forms of living things have been incessantly changing 
i\s the creatures gathered experience from their snnxmnd- 
ings. Some of the very lowest forms of life have lived on 
continuously and without any significant changes of struct- 
ure in the great number of their descendants. Others of 
their descendants, however, have evolved forms more highly 
organized than they themselves were, by countless gradual 
changes and by more sudden departures. Water at 100 
degrees F. is a liquid. A fall in temperature d^ree after 
degree in no way affects its condition as water until one 
passes the 32 degret^ point. Then an extremely slight lower- 
ing of the temperature makes a solid of water. Ice is a 
body with totally different properties from water. In the 
same kind the change from water to steam just as the tem- 
perature at sea level passes the 212 degree F. point upwanl 
results in a product utterly unlike the original. Some such 
transmutations are bi4ieved to occur in the animal kingdom. 
Today we find persisting some of the original types of life 
side by side with thousands of lines of their greatly modi- 
fied descendants. Tens of millions of individuals have 
died by the way as their necessary function in the process 
of evolving higher forms. Whole tribes of animals have 
become extinct. It would seem that they ran out their 
stock and its tendencies. But their cousins, taking a dif- 
ferent line of progression, have left capjible descendants. 
All the living forms are relatwl after the manner of cousins 
many times removetl. In the line of descent it is quite 
clear that the binis came from the reptiles. They an* 
(*ousins of the manmials and man. These sprang from the 
reptiles as well. The reptiles are descendinl from the 
amphibia and tht*y are d(»8cended from the fishes. The 
insects and the* fishes an* the descendants of the wonn 
stock. The proctMSs has taken perhaps 50,000,000 years. 
It re(|uired for the forms which lived on land the jx^nnan- 
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ence of the continents in their tixed places above the sea. 
It demanded for this great period of time a wonderfully 
nice adjustment of temperature. If the range of temper- 
ature had been above 200 degrees F., or much below- 50 
degrees F., even very occasionally, life would have been 
blotted out. Our atmosphere tempers the sun's rays and 
holds in the heat in exactly the right amounts and it hiis 
done so for many millions of years. No other body in the 
heavens is known to have an atmosphere right for doing 
this. It is clear that life as we know it would be an 
impossibility on any of the bodies which the astronomer 
studies with his glass. There is no chemical element in 
matter organiztnl in life which is not found in matter that 
is not living. An almost infinitely small amount of matter 
is in living things fts compared with all the rest. Life 
exists on the highest mountains, and in the dee^jest sens, 
but mountains and seas together are only a film over the 
earth, eleven or twelve miles in 4,0(X) on the earth's radius. 
It is probable that living matter is so small in amount as 
to cover the surface of the earth, were it evenly and con- 
tinuously made to cover it, only to a depth of a few inches. 
Life then has persisted as a thin film over the earth's 
surface continuously for many millions of years, and all 
living things are related as collateral branches of one fam- 
ily. They have lived under conditions involving a very 
narrow range of temperature changes, and of slight varia- 
tions in the quality of the air they breathe. We, as men, 
look back on an exceedingly long ancestry. Each genera- 
tion has the miraculous power of handing on the wealth 
of garnered experience of life. We hold this store of 
knowledge, the heritage of ages past, as trustees, on behalf 
of the generations to come. 








N the Colonido Sijriugs region l)eds of coal of 
variabk* thickness are found almost continu- 
ously from the bluff a mile northwest of Pike- 
ville station to Franceville, 12 miles east of the 
city. Over this stretch except for a few miles this side of 
FraiKM'ville, there is a line of coal mines and prosi^ects 
which is nearly continuous. Coal is found as well along 
the Atchiscm, To^x^ka and Santa Fe tracks farther north. 

The place for the* formation of coal is in the midst of 
the 84»dimentary rocks. It may be thought of as being a 
sedimentary roc^k itS4»lf. Coal is what is left of woody tis- 
sues that have be(»n in large measure save<l from decay by 
having fallen into the (juiet waters of a swamp. When a 
tree drops to the ground in a forest its substance is (|uickly 
dissipated and in time* only a slight mint^ral ash is left: but 
a tree-trunk which is buritnl under water is out of contact 
with the air and it is larg(^ly protectcMl from decay. Quiet 
swami)s lx)nlenKl by trees and partly choked by a vigor- 
ous growtli of moss(»s. an* favorable places for the grad- 
ual accninmlation of carbona(MH)us mat(»rial under water. 
Swami)s are commoidy fcmnd in low lying districts near the 
S(»a-c()ast. A slight (change in the stand of th(» land with 
reference to sea level wonld bring the ocean wattTS over the 
KjK)t (M*.cui)ied until then by the swami). Layers of sand 
or mud might then be deiKwittnl on the sea floor above the 
coal to form sandstone or shale in later geologic times. 
The coal layer undergoes great compn^ssion in the midst of 
the Haiidstones and sluiles of the sedimentary rock stTies. 
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Carbon and oxygen are the principjil elements in wood. 
It also contains a little hydrogen and a little nitrogen. The 
(*hanges from woody tissue to coal may be noted through 
many stiigi^s. The losses are chiefly in the oxyg(m which 
is given oif. Most of th<^ carbon remains, so tluit relatively 
it comes to be mon* and more of the residue until in lignitic 
coal it is W ixT cent, as against 16 of oxygen. In anthra- 
cite coal it may be 9() i>er cent, of the whole, oxygen 3, 
hydrogen 8, and the remainder chiefly mineral ash. The 
wholt^ mass of woo<ly tissues is pressed together by the 
weight of the se<limentary layers above until almost every 
trace of leaves and stems is lost. Oidy oc*.Ciisionally the 
imi^rint of a fern may be discovered. Long afterwanls the 
HK^ks may Ih' deeply cut into by rivers until the coal layer 
is exix>sed on either side along the valleys. 

If the observc^r will tak(? th(» Denver and Rio Cirande 
Riiilroad to Pikevilh* station, and procit^xl along the little 
east- west valley (Douglass Valley) which he first encount- 
ers on thi» west sidt* of the railroad track going north until 
h(» c<mi(»s to a ix)int ICK) i)aces beyond the brick works, he 
may si^ the coal outcropping on (»itlier hand. As fonnerly 
mined the Si^am stands alx)ut 15 ft»et alK)V(» the roiid. It is 
4 feet in thickness and nearly h^vel. The nx^ks in which 
it li(^ are chiefly sandstones. ImnuKliately above it is a 
layer of fine shale in which fossil f(»nis may l)e found. In 
many places the slide rock has fallen down th(* valley sidi^ 
in a way to cover up the outcrop of the coal. The serit^s 
of the sandstones in which the coal is found, about 125 
feet in thickness, cross(»s Monument (Veek near Piki»ville 
station and runs in th(» gently sloping ground around tlu» 
lower sloix's of Austin's Bluif to the southeast for 12 miles. 
The S4»veral coal mines along or near the line of outcroi> 
8er\'e to mark its ix)sition. 

At the Williamsville mine an inclincHl oiK»ning is uwhI 
to take out th(* coal. This is also the case at thi» Danvill(» 
mine northeast of Colorado Springs wh(*re the incliiu* goes 
und«»r ground witli the layer of coal at such a rate that 



48 FoBMATioN OP Coal. 

after 100 feet it is lOJ feet below the surface. In most of 
the mines the ooal is won by sinking a shaft some distanct* 
back from the surface outcrop until the coal is met at 
depths of 100 feet or less. Near Austin^s Bluff there is a 
thick layer of loose adobe clay washed by the rains down 
hill from the bluff. This covers up and conceals the out- 
cropping tnlge of the coal seam. The layers of sandstone 
and shale underlying those which contain the coal were 
deposittnl in the usual manner on the sea-floor. It is evi- 
dent, therefore, that upward movements were needed to 
raise them out of the water as a land mass on which the 
coal accumulating swamps flourished. Aften^'ards the land 
sank beneath the waters, and sandstones were deposited in 
place above the sjxjt. By the pressure of these rock lay- 
ers the seam of vegetable tissues was much thinned. A 
tree trunk a foot in diameter makes an inch or less where 
it lies in a coal seam. It is evident that the swamp gener- 
ally covered but a small area; for this reason coal seams 
grow thinner and at last disappear at the limits of the 
swamps in former time. To the northeast of Colorado 
Springs coal has Ix^n found 20 feet in thickness. This is 
unusual. Often three or four seams of co«d each 2 or 3 feet 
thick show one alx)ve another. 

An ideal coal seam should l)e al)out G feet thick to give 
room enough for work uix)ii it. If it l)e 3 feet or less a 
great deal of wast** rock must be taken out with the coal 
in onler to g»»t at it underground. If the seam be much 
thicker than f) f(*et it is necessary to put in timbers to hold 
up the roof, and this is always exi)ensive. Much trouble 
is made by a weak roof where for instance a loose shale 
lies overhwid, and k<»ep8 falling down when once it is ex- 
|N)8ih1 by th*» removal of the coiil. Cotil must be free from 
pi(HH»s of Hhalt» or <)th<»r roc^k to be marketable. It is not 
uncx)nnnon to find a layer of shale in the midst of a coal 
H4*ani, n»pre8entiiig that nmch mud deiK>sited in the swamp 
in which the coal forming plants were accumulating. 
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The ooal seams near Colorado Springs are not greatly 
inclined away from the horizontal. Layers of coal, like 
the sedimentary rocks in which they lie, are often steeply 
inclined, so that they go down into the gnmnd at a sharp 
Hngle. Mining is then expensive, for the cost of taking out 
coal increases rapidly on a seam pitching so sharply down 
that to get the coal deep mining is necessar}' almost at 
once. In the mines near Colorado Springs coal is broken 
down from the fact» of a seam in the chaml)ers by the use 
of dynamite. The ton or more which falls as the result of 
a shot is drawn out to the surface in cars along an incline 
or hoisted in a shaft. 

The supply of coal in the world is limited. It is now 
being mined and consume<l at something like 1,000,(XX),1X)0 
tons a year. There is not enough of it to hist for much 
more than 150 years at this rate. It took a long time for 
nature to gather carbon in such amounts from the atmos- 
phere through the medium of plant life. Leaves are pro- 
vided with an appanitus for gathering carbon from the air 
in sunlight. The carbon in the atmosphere is contained 
in the gas carbon dioxide. This is broken up by the chloro- 
phyll in the leaves, with the aid of sunlight, and the car- 
bon made into the plant body. No animal is able to gather 
carbon, and the other elements which it ne^xls, directly from 
the inorganic world. Plants alone can do this. Animals 
are absolutely dependent for their existence on plant lift», 
and plant life exists only in virtue of the ability of the leavt^s 
to break up the carbonic acid gits in the air and store car- 
bon in their bodies. Coals differ in the amount of carbon 
and other elements which they ix)ntain. and their diifer- 
ences result from the amount of change which the woody 
tissues have undergone since they wiTt» iniprisoiunl l)etwe<»n 
the layers of sedimentary rock. 

When a study of the way in which cojils burn is made, 
it becomes clear how the several kinds of cotil, ligniti(\ 
bituminous, and anthracitic differ. If a small quantity of 
cold, powdered finely, 1m» taken and heatt^l in a metallic (»up 
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or crucible, (the crucibles used are made of platinum), at a 
temperature of 107 degrees F., a certain amount of moist- 
ure will be driven off. Until then the coal cim not be said 
to be dry. By weighing the thoroughly dry coal and sub- 
tracting the result from the original weight the actual 
amount of moisture is obtained. Coals contain from 1 to 
20 per cent, of moisture, and as the coal bums, this must 
l)e converted into steam and driven off before the heat of 
the coal becomes available. With a higher heat, (that 
given by a Bunsen Ah me is used), another part of the coal 
is burned up in seven minutes. This pirt consists of what 
are known as the volatile hydrocarbons. The gas made 
from coal is a prochict of this part, the volatile hydrocar- 
bons. Weighing again, this loss is found. Afterwards it 
takes an hour or more over a hot flame to bum up the fixt*d 
carbon. This is the chief heat giving element in the coal. 
In anthracite coal the fixed carbon is five or more times as 
abundant as the volatile hydrocarbons. In bituminous 
coal it is from one to five tinles as abundant. In lignitic 
coal the fixed carbon is always less abundant than the vola- 
tile hydrocarbons, so that the ratio l)etween the volatile 
hydrocarbons and the fixed carbon obtained by dividing the 
amount of volatile hydrocarbons by the fixed carbon is less 
than one for lignite. Aft(T the moisture and volatile hydro- 
carbons have been driven off, and the fixed carbon burned, 
nothing but mineral ash is left. This ash is really the 
sand or mud which was drbppiKl in the swamp waters in 
the midst of the vegetable layers as an impurity. In good 
coals it is 8 per cent, or less. When it is easily fusible it 
leads to clinkers in the fire as the coal bums. The Colo- 
rado Springs coal, while it is high in moisture and in ash, 
is an unusually good clean lignite. Lignite is not as valuable 
as bituminous or anthraciti^ coal because its heat-giving 
IX)wer is lt»S8. The* amount of moisture is usually high in it, 
and the conversion of the moisture into ste«m by the co«d 
ns it bums means just so much loss of heat. Many lig- 
nites show high ix^rcentages of the impurities which are 
left as ashes. 
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IxrurHion 11. 
3l(t (£.tipph ffirwk (§rt ippoHtta. 



Wr is till JtliiicMt iiiviiriiilili' nilc tluit tli<- ni'tiir- 
II relict- uf m)l<i ort-H in veins is bomiil np witli 
r| some niHiiifesti)tii)ii <if voliiiiiit- Jictivity, Crip- 
]iU' C'lVf k is on the site of iin I'Xtiiict voliiinu. 
The oonverac, thiit volciinio ontbrciiks briny in>U] to tin- 
surfaoe, IB. in the Viist umjority of i-jiMes. not tnii'. Tlien- 
is only » ijoesibility in ti given cusc tlmt viiiiifiblt' iiielJiU 
will be found asBocinteil with volciinic onthreiiks. But n-y- 
ioHB where igneous nx^ks tin- iihiiii<)jin1 iin- the fiivonihle 
places for i)ros[)e(:tiiig. 

The umouut of gold pn-sent in ii ton of tlii' nwk liikm 
out at H profitable mine is un extremely sm.-ill fraction of 
one i»«r cent. It tlie reiider will tliink of n ti'ii dollar t^olil 
piece so finely broken up that the |iiirtieleK iire for tlx' most 
part invisible, iiikI then supixise them ro lie thoroughly 
mixed with a ton of i»owden.Kl nwk. he will hnvr a fair pic- 
ture of the t<'nor i)f a deiM>sil of m fairly good gold ore, 
tiold is never equally (list rilm ted tliroiighcmt the riH-k lluit 
makes up n region. It is aj)! to have .-anie with iniin-rais 
that are of no value, sneh iis quartz, to Hll u]) crevices in 
the conntrj' rock. The transixirting .jf^ent was iisiiallv 
heated water. When a great enirk in the r(H-k has In en 
tilledit is the rale lo find iisoi.efoMows it alonK the ground 
th«t in some places it carries rich values, while in ollieis it 
is lean. The tnie value can not be tietermincil on the 
ground. The assiiyer must actually extract the invisibl.' 
gold from a small i>ortion of the ro<'k and so calcKlatc the 
value of a ton. 

The manner in whi.-h the Cripple Creek rocks were 
built np and sntfus.-tl with the guM brought t.. iIhtu in 
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heated waters wiis as follows. The original rock over the 
country was the granite that one finds everywhere in the 
Front Range in Colorado, part of the original island in the 
Colorado seas. (Excursion 1). In late geologic times a 
normal volcano broke up through the granite with explos- 
ive violence. A volcano is the coming of molten rock to 
the surface from the interior portions of the earth. The 
earth itself is not molten, nor is any considerable jxjrtion 
of it in the molten state. It behaves like a rigid body in 
its relations to the other members of the solar system. 
The earth's mass is held together by its own self-gravity. 
Gravity all the while makes for a more compressed earth. 
The shrinkage of the planet under gravitative control is 
slight, but one effect of the compression is the generation 
of heat, and its gradual accumulation in the deei)er zones 
of the earth down from the surface. Since in volcanoes 
fused rocks do actually come to the surface it is believed 
that the deep seated rock is from time to time in one plac^ 
or another rendered molten, where heat has accumulat^l 
sufficiently. In the fused state it is lighter than the sur- 
rounding rock. Th(» readjustment of gravitative stresses 
meiiiis that the lava will thread its way to the surface. \Vv 
find that the surface manifestations of volcanoes are chiefly 
controlled by the efforts to escai)e of enormously heateil 
gases which have come up with the lavas. When they are 
hinderKl in their passage up through the molten rock in 
the vertical pi|)e line of a volcano they may accunmlate 
until they blow (everything out of their way with explosive 
violence. They act on the molten lava in th(» pi|x^ as 
though water were shot out of a gun. In the upjx^r air the 
fint»lv divided lava becomes solid and falls around the vol- 
cnnic v(»iit as lava dust. We find bi»ds of such volcanic 
(lust many f(»et thick in the C^rij)ple Cri»t»k district. Lavas, 
later. rtow(»d out quietly from th(» volcano on all sides. 

It was only after all th(»se oix^rations of the volcano had 
c^^astnl th:it th(» gold was bnmght up. The ashes had been 
(•('UumiUmI tog(*th(T as firm rock beds, Th(» lavas becam(» 
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cold and hard. Much later all these rocks in thi» district, 
together with the basal granite, were subjected to such 
strains in the uppermost zone of the earth that they were 
thoroughly cracked and broken up. Thi* observer on his 
way to Cripple Creek may see from tht» train that the rocks 
are cut by thousands of vertical and inclined cracks. Long 
after the volcano was cold and dead at the surface high 
temi)erature8 were maintained below by thi» hivas which 
had not even then lost their heat. Heated waters rising 
from the depths of a few miles brought up the gold dis- 
solved with them, and worked through the cracks in the 
rock of the Cripple Creek district on the* site of the vol- 
cano, and near it, depositing the gold as they became cold 
and evaporated. In other words thi»y deix)sited a gold b(»ar- 
ing mineral togeth(*r with valueless minerals in the cracks 
of the rocks. As being of no value these last are called 
gangue minerals. Fluorite is one of the commonest. It 
is usually purple and gives the rock which it has impn^g- 
nated that color. Thi» valuabh^ imrt of the ores is tlu^ min- 
eral called sylvanite. It has a silvery color and is made up 
when pure of three* elements, gold 20 per cent., and silvt»r 
12 i)er cent., conqx^unded with another native elenuMit. tel- 
lurium. Tellurium is an elenu^nt like sulphur. 

The traveller who visits Cripjjle Cn»ek or Victor sei^s lit- 
tle which suggests to him tlu* characti»ristics of the dis- 
trict as outlined alx)vi\ The volcanic mountain, togi^ther 
with everything else over the upland country, has btn^n 
worn down by thi' forces of tlu» W(»ather, frost, and cutting 
streams to one genend h'vel. One sees only the nK:)ts of 
the volcano. He may pick up i)ieci'S of the lav<i. hut its 
accurate determination as phonoliti' HMiuirtMl in the tirst 
place extendtxl chemical work and microsco[)ic examination 
on the part of tlu* V. S. (li'ological Survey. No one tind- 
ing it in the H(4d could be absolutely sure which of the 
hivas it was. If tin* traveler goes down into n mine, in all 
probability he will not see any gold. The nniw is a shaft 
sunk in the ground from which at successive levels tunnels 
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mil off horizontally through the solid rock. Their object 
is to encounter the fissured portions of the rock which hap- 
pened to be in the way of the gold bearing ascending hot 
waters. A miner may show him a piece of rock from the 
wall of a fissure bearing upon it crystalline masses of the 
silvery minenil which contains the gold, and the associated 
purjJe fluorite: but for the most part the rock, broken up 
as it is with countless cracks, looks much alike, and seems 
to have no metallic values. Only the assayercan determine 
its contents. When he has once assayed it the miners in 
their orderly procedure as they take out the rock at the 
ends of the tunnels look for the precise rock which has 
been assayed and found rich. They become expert in fol- 
lowing it, but would go much astray if the determinations 
of the assayer from day to day did not direct their atten- 
tion to the most valuable rock. The granite of some mines 
was impregnateil by the solutions. Again the lavas or the 
l)eds of consolidated lava dust contain the values. Why it 
is that (m the site of the Cripple Creek volcano gold came 
up in solution with the heated waters, whereas at many 
other similar volcanoes dealing in the same rocks the wat- 
ers came up barnm we have at present no means of know- 
ing. SiK^h a criterion would \w of transcendental value to 
the prospector. 
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IE travclfT nmy iioti<-i- fnmi Colorjido SjiriiiHS 
] that the tops of the iiiomitfiitis to thi' north of th*- 
5 Uti" PnsR lie iietirly in otic plaiif. Their lii^li- 
est lioiuts fire h11 thiit i» left of an iipliiud into 
which the rivers have mit dceiily. From Pikes Peak the 
observer looks down on this ^rent npliiiui of granite out of 
which the moiintains have I>een rarvetl. [ii places the iii>- 
Ittud Burftice has been but little dissected, and bniiid jjently 
roUtug stretches, heavily timlwred except on the nieadow 
lands borderint^ the stretiuis. make a strikiiif^ contrast in 
their lovt^liness to the nigged scenery near the city of t'ohi- 
rmlo Springs itself. Of these i)ark-like jire-is Maidtou 
Park is the most interesting t^uloKically aiid the most 
Ivautiful. The wHy into the ])ark is liy the .Midland Kail- 
road to Woodland Station and then by wtii^e nortlnvanl for 
fight miles. The excursion calls for a day and a half. 
AccommodatiiHis are provided at the hotels in tlii' heart iif 
the tract now owned l.y the Colorado Colleire school of 
forestry. 

Much more iinjm'ssive than its faiulHar eastern face is 
the northern flank of Pike's Peak as viewed from Manitou 
Park. Plate :17. On llie northern sloj-^sof ihe mounlan. 
two very intereslinK depressions mark llic sites of small 
glaciers which formerly existed in th^'ni. They arc in all 
ways comjjiiralile to Ihe jila<'ial amphitheatre on the Colo- 
rado Springs side of the |M-ak. figured in I'lale ;iO, and the 
account of its manner of formation is applicable lo ihent. 

The amount of dilTerential uplift as Iwtwven tht- moun- 
tain upland to the t.urth of the Cte I'ass. (which th.. 
Midland Railroad followsl. an.l the mass ..f I'lke's Peak. 
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is seen in its full sigiiiticanct* from Manitou P«rk. In the 
readjustments of the rocks near the earth's surface neces- 
sitated by a slowly changing interior (see page 17), which 
is becoming all the while more and more condensed, it fre- 
quently happens that nearly vertical fissures are made 
across the rock masses. On one side or the other, to ease 
the strains below, a segment of the earth's surface is forced 
up. When this happens suddenly, although the move- 
ment be slight in actual amount, not more than a few feet, 
the rocks grind past each other and the vibration which is 
set up in them is an earthquake shock. The movement of 
this kind which may give rise to an etirthquake shock is 
known as faulting. A fault is a break across layers of 
sedimentary rock or in the midst of igneous rocks along one 
side of which there is movement up or down. See diagram 
Fig. 2, Plate 16. The uplifts once begun along a great fault- 
line are likely to continue at intervals. The faulting along 
the Ute Pass which has lifted the Pike's Peak block fully 
a mile above its fellow to the north, on the Manitou Park 
side, was not accomplished at once but by a long series of 
movements. By going for a quarter of a mile up along the 
little stream which comes down to the Manitou Park hotel 
from the east and climbing the ridge of white sandstone at 
the sawmill one may see where the sandstone and granite 
meet on either side of the fault line. The granite to the 
east has been thrust up much above its normal position. 
It once lay below the red and white sandstones. By the 
drag of the fault the white sandstone has been pulled up 
on end where it abuts against the granite. At a little dis- 
tance westward from the fault line the faulting effects are 
not seen; for over nearly all of the piirk the red conglomer- 
ates and sandstones are but slightly inclined away from 
th<»ir original nearly horizontal position. 

The rock over Manitou Park is the same reii conglom- 
erate, (the Fountain formation), that comes to the surface 
west of the Garden of the Gods. Bt»tween the two places 
for a distance of several miU»8 it has been entirely cutaway 
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by erosion. The Manitou Park conglomerate is therefore 
an outlying mass of sedimentary rock quite by itself in 
the midst of the granite. Over the interior portions of the 
park the conglomerate has been covered by river laid sand 
and clay. It outcrops along the bonlers of the park, and 
wherever erosion has not attacked its mass as effectively as 
it has generally. In such cases columnar masses too high 
to be covere<l by the sand and gravel have been left. One 
of these similar to the Balanced Rock near the Garden of 
the Gkxls, Plate 11. is found along the ro«id one-eighth of 
a mile west of the school-housi» in Manitou Park. It is 
shown in Plate 88. 
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^ummat^ of ti^t (^taia^^ at thr (CoUirado 



I. 

Pleii^tocene. 
HiooeDe. . . . 
Xiocene.. . • 
Oligocene . ■ 



II. 



III. 



. . '17) Meaft gimTela. 

Sot represented. 

Xot represented. 

Not represented. 

Eocene (16) Conglom ermte mod 

sandstone 

( 15) Sandstone 

1 14) Sandstone 

(13) Sandstone 

(12) Shale 



IV. 

Platte ii»\ ridge extreme 
rii^ht of backflrround. 



Monument Creek. Plates 21. ±1, 2ri. 

Denver. 

Laramie. 

Fox HilLi. 

Pierre 



Cretaceous . 



( 11) Shale Niobrara 



JuraHtfic. 



( 1(1) Limestone 

( 9 ) Shale and sandstone. 

( 8 )*Lime6tone 

( 7 ) Sandstone 

( 6 ) Shale and sandstone. 



Niobrara . . 
CariLsle. . . . 
(ireenhorn. 

Dakota 

Morri.son . . 



Triassic i ?) ( 5 ) Sandstone and shale. 

Carboniferous.. (4)}-, f . J u i 

/ Sandstone and shale. 

Devonian Not represented. 

Silurian Not repre.'^nted. 

Ordovician ( 3 ) Limestone 

Caoibrian ( 2 ) Limestone and sand- 
stone 

Algonkian Not represented. 

Archean ( 1 ) Granite 



Upper Wyomiog, 
Fountain 



Piatt* IS. plains in the 

background. 
Plate 35. low ground to 

right of ridge. 
Plate 41. 

Plate X\ crest of ridge. 

Plate 15, extreme right. 

Plate 39. white sandstone 

in foreifround. 
Plate 4(». 

Plate.- 11. 12, 39. 
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PlateH 1 ami 111. 



A study of the al)ovt' table of foniiations in the ( olorado 
SpriiigH region is the lH»st introduction to the account of 
the gifology in general terms. In <*olunin I. a (toniplete list 
of the time uam<^ is given, the ohlest. the An*hean, at the 
1x>ttom, and the youngest, the Pieistoc»eue, at tht» ti»p. The 

*NoTB.— Between the Dakota sandstone and the (irrenhorn 
limestone a band of shale, the Oraneros shale, is met. It is in>*ot.- 
spicuouH in the Colorado Springs region. 
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oldest fornuitioii is the granite of the mountains, which is 
of Arrhean age; the youngest the gravels capping the 
mesas. These are Pleistocene and recent. In column II. 
the several kinds of rock near Colorado Springs corresixmd- 
ing to the time names are set down. Geologists have given 
to many of the rocks in the Colorado Sxjrings region loc*al 
names. These names api^ear in column III. In IV. the 
references axjx)ear, showing which of the plates in the text 
illustrate the several formations. By working from the 
plates one may visit the localities where the sedimentary 
rocks ai)pear in good development. 

For some of the time periods such as the Algonkian, 
Silurian, and Devonian, there are no representatives near 
Colorado Si)rings. In any locality of like extent we expect 
that but a iow of all the jx^riods will bt* represented in the 
rocks. The section near Colorado Springs is unusnally 
comi)lete. An acquaintance with it gives one the key to 
the sedimentary rocks along the front of the Rocky 
Mountains from New Mexico to Montana, for while they 
an* not exactly alike, yet there is great similarity between 
th(* rocks from ix>int to xx)int all along, and their succession 
is the same. Some of the bands of s^Kiimentary rock are 
continuous along the Front Range for over 200 miles. The 
rocks west of Denver near Golden and Morrison repeat in 
large jMirt the sec^tion west of Colorado Springs. At Canon 
City the same rocks show again. Beyond the Continental 
Divide in Western Colorado the same rocks in general 
occur and they l>ear the same relations to the basal granites 
as they do along the Front Range. Such a wonderful con- 
tinuity in the sedimentary rocks ix>ints to uniformity over 
wide areas of the conditions which produced them. The 
account of the geologic history of the Colorado Springs 
region is in fact l)ound uj) with the gt»ologic history of the 
Western United States. 

The first chapter in this history is recordwl in the 
granite of the mountains. We know that this is the oldest 
rock in the district In^cause it is the jJatform on which the 
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later rocks rest; and we find, tin well, that the iiuiterials of 
which they are made came from it. The next oldest nx'ks. 
the Cambrian sandstones, come in jnst alxnt* the granite: 
their age is proven by the fossils which they (contain. It 
is a nde that as we go out from the mountains towanis the 
plains younger rocks are met. Thus at the ])a8e of the 
series in Manitou Canyon and the Ute Pass Cambrian 
sandstones occur overlain by ()nlovi<^ian limestont^s. Car- 
boniferous rocks extend l)eyond tht^se *is far as the (xartlen 
of the Gods. Colorado Springs is built over tht» Pierre 
shah* of Cn^aceous age. This is the shale exijosed along 
the i)aths in Monument Valley Park and split up irregidarly 
into thin, small rectangular pi(H't*s. Austin's Blutf is in 
still high«*r youngiT roc*k laid down in Eocene times. Thes4» 
Eocene conglomerates make up tht* whole of Monument 
Park. They lie close to the granit*' all tht^ way north to 
the divide at Palmer Lake where they rest directly uxx)n 
the granite. The whole story is, then, in brief, the adding 
of sedimentary rocks to an original island mass of granite 
by dejxjsiticm in the sea along its shores, and the subse- 
quent making of them into land by continental uplifts and 
the concurrent retiring of tln' »vn. W(*st(*rn North Amer- 
ica was covered by the CK'ean until the vnd of the (Vetaee- 
ous i)eri<xl. In Silurian and Devonian times tliere were 
uplifts which maintained the Colorado Springs an»a al>ove 
water as a land mass. ()vt»r the sjK)t the work of down 
cutting by the forct*s of erosion went on during tliose 
lieriods. It was only when the worn down land had bt^eii 
carried once more below sea level tliat the formation of 
sedimentary nx*ks under water began again. The i^arly 
CarlK)nif«TOUs sandstones contain land plants among tlieir 
fossils: in later (^irboniferons times marine conditions pre- 
vaih»d. and continmnl until the end of tlie CVetaceous. 
Then, in the Laramie period, the country was above the 
(K-ean level. It supjM)rted the low-lying coast swamps in 
which wcxmIv tissues accunndattnl to be later consolidated 
and madt* into coal. The Denver formation is a soft sand- 
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stone the gniins of which are volcanic ashes. These art* 
bt*lievwl to hfive been deix^sitwl in a fresh water lak(\ 
Such a lake very jxjssibly existed in Eocene times. Tht» 
Monument Creek fonnation nuiy have been such a dejxjsit: 
it contaiiis jwdm leaves, the leaves of deciduous trees like 
the willow, and the Iwnes of huge reptiles. On the other 
hand these Eocene dejxjsits of the Monument Creek forma- 
tion may be such river-laid deixisits as the mesa gravels. 
Thc^y arf\ however, much more extensive. In Oligocene 
times a hike existed near Florissant some 20 miles north- 
west of Pike's Peak. It ajj^x^ars that th(» Monument Creek 
formation belongs partly to the Oligocene ix^riod, j^artly to 
the Miocene. In Miocene times the CripjJe Creek volcano 
broke* out through the granite. The latest formation of all 
is the Mesa gravels. Additions are slowly being made to 
them lit the x^n^sent dny. They rex)resent apx)roximiitely 
the time during which man has lived on the earth. The 
mammoth was a contemiwrary of early nuin, and the tt^etli 
of this cn»ature have l>een found near the base* of the 
grav(»ls. 

At the north end of Monument Valley Park the walls 
on either side of the waterfall are fnced, from the bast* uj)- 
ward, with tht? rocks which corres^x^nd in their onler to 
the rocks in the geological section for the Colorado Springs 
region. Th(»s^* art* the rocrks, from 1 to 10 inclusive, in 
column II. of tht* tnblt* on Page 06. Monument Vallt»y 
Park lies over the Pierre shale. (No. 12). It is the serit»s 
which OIK* mt*t»ts in cnissing from tht* mountains to Monu- 
ment \'allt*y Park. At the base is granitt* (No. 1 in tht* 
tabh*): just al)ove this is the (^aml>rian sandstone, anti so 
on ui)wartl. The st*ction Fig. i\, Plate 42, is numlH^rtnl in 
tht* same manner. 
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